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PREFACE 


The  Avionics  Software  Support  Cost  Model  is  a  new  step  forward  in  an 
attempt  to  estimate  the  cost  of  maintaining  onboard  embedded  computer 
software.  SYSCON  Corporation  is  pleased  to  be  a  part  of  this  effort  and  to 
nave  an  opportunity  to  explore  new  areas  to  apply  its  expertise.  SYSCON  would 
like  to  offer  its  gratitude  to  the  Air  Force  for  its  patience,  understanding, 
and  guidance.  In  particular  SYSCON  wishes  to  extend  a  special  thanks  to  Mr. 
Dan  Ferens,  the  Avionics  Laboratory  Project  Monitor,  for  his  continuous  help 
in  bringing  this  contract  to  a  successful  conclusion. 
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SUMMARY 


For  some  time  now  the  Air  Force  has  become  acutely  aware  of  the  ever 
escalating  costs  for  maintaining  embedded  computer  software.  Such  costs  are 
necessary  to  keep  onboard  avionics  systems  completely  up-to-date  with  users’ 
requests.  To  accomplish  this,  each  software  system  is  currently  provided  with 
its  own  uniquely  qualified  staff.  The  sole  responsibility  for  these  people  is 
to  design,  develop,  integrate,  test,  and  document  the  software  on  a  continuing 
basis.  The  Air  Force  is  now  attempting  to  better  control  the  costs  of 
providing  this  vital  support  function. 

By  studying  the  factors  which  affect  the  costs  of  maintaining  embedded 
computer  software,  the  Air  Force  hopes  to  develop,  support,  and  computerize  a 
methodology  to  accurately  predict  these  costs.  To  accomplish  this,  SYSCON 
Corporation  has  developed  the  Avionics  Software  Support  Cost  Model  (ASSCM). 

Tne  ASSCM  is  the  result  of  more  than  two  years  of  work.  It  is  an  interactive 
model  that  projects  annual  software  support  costs  for  various  proposed 
software  configurations  during  the  early  design  phase  of  system  development. 

It  bases  its  cost  projections  on  a  unique  algorithm  specifically  designed  to 
utilize  as  much  of  the  available  historic  data  as  possible.  To  complement 
this  data,  the  algorithm  also  relies  on  subjective  information  obtained  from  a 
large  group  of  individuals  intimately  familiar  with  software  support  and  its 
costs. 

This  final  report  describes  the  work  effort  and  provides  the  information 
necessary  to  understand,  use,  and,  perhaps,  update  the  ASSCM. 
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1  SCOPE 

1.1  Purpose 

This  final  report  provides  the  necessary  information  to  support  the 
development,  implementation,  use,  and  understanding  of  the  Avionics  Software 
Support  Cost  Model  (ASSCM).  This  model  was  designed  according  to  tne 
stipulations  and  guidelines  of  the  Avionics  Laboratory  at  Wright-Patterson  Air 
Force  Base  (WPAFB)  by  SYS CON  Corporation  under  contract  number  F33615-80-C- 
1157. 

1.2  Functional  Summary 

The  ASSCM  is  a  predictive  model  which  enables  the  user  to  estimate  the 
support  costs  associated  with  embedded  computer  software  for  avionics 
systems.  The  model  is  applicable  to  a  wide  variety  of  avionics  computer 
software;  specifically,  operational  flight  program  (OFP)  software,  airborne 
communications /electronics  (CE)  software,  and  airborne  electronic  warfare  (EW) 
software  for  these  programs.  The  model  does  not  address  software  acquisition 
costs,  nor  the  costs  Incurred  by  the  users  at  operational  commands  for 
operating  the  software. 
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2  APPLICABLE  DOCUMENTS 

The  following  list  of  documents  are  related  to  the  total  work  effort  and 
should  be  used  as  additional  reference  material.  Several  of  these  documents 
are  referred  to  in  this  Final  Technical  Report  and  are  described  as  such.  In 
the  event  of  conflict  between  the  documents  referenced  herein  and  the  contents 
of  this  document,  the  contents  of  this  document  shall  be  considered  a 
superceding  requirement. 

1.  Statement  of  Work  -  Avionics  Software  Support  Cost  Model 
(March  26,  1980) 

2.  Predictive  Software  Operation  and  Support  Software  Cost  Model 
Development  -  Technical  Review/Progress  Report  (Januany  23,  1981) 

3.  Methodology  for  Estimating  Avionic  Software  0&S  Cost-Concept  Paper 
(March  19,  1981) 

4.  Predictive  Software  Operation  and  Support  Cost  Model  Development  - 
Technical  Review/Progress  Report  (Marcn  19,  1981) 

5.  Comparison  Of  Employee  Benefits  In  Private,  Federal  Sectors,  Office 
Personnel  Management  (July  1,  1981) 

6.  Predictive  Software  Operation  and  Support  Cost  Model  Development  - 
Preliminary  Design  Review  (November  5,  1981) 

7.  Avionics  Software  Support  Cost  Model  (ASSCM)  -  Software  Design 
Specification  (March  31,  1982) 

8.  Predictive  Software  Operation  and  Support  Cost  Model  Development  - 
Detailed  Design  Review  (July  14,  1982) 

9.  Predictive  Software  Operation  and  Support  Cost  Model  Development  - 
Final  Presentation  (October  13,  1982) 


10.  Predictive  Software  Operation  and  Support  Cost  Model  Development 
Training  Course  Material  (October  14,  1982) 

11.  Avionics  Software  Support  Cost  Model  (ASSCM)  -  User's  Manual 
(February  1,  1933) 

12.  Avionics  Software  Support  Cost  Model . (ASSCM)  -  Computer  Program 
Product  Specification  (February  1,  1983) 

13.  Avionics  Software  Support  Cost  Model  (ASSCM)  -  Model  Validation 
(December  1,  1982) 
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3  OVERVIEW 


The  ASSCM  was  developed  over  a  27  month  period  from  SeDtember  1980 
through  November  1982.  During  this  time  a  comprehensive  effort  to  understand, 
evaluate,  and  project  embedded  computer  software  maintenance  costs  was 
completed.  This  effort  included  the  following  major  milestones: 

•  Review 

•  Methodology  Development 

•  Data  Collection 

•  Data  Organization  and  Analysis 

•  Algorithm  Development 

•  Computerization 

•  Model  Validation 

•  Documentation 


3.1  Review 

This  task  lasted  approximately  seven  months  and  included  a  review  of  all 
applicable  documents  and  current  software  maintenance  procedures.  During  trr 
time,  discussions  were  held  on  site  at  various  Air  Logistic  Centers  (ALC's) 
with  Air  Force  personnel. 

3.2  Methodology  Development 

This  task  concerns  the  development  of  the  model  algorithm  to  be  used  by 
the  computer  for  projecting  costs.  The  methodology  that  was  ultimately  used 
was  derived  specifically  as  a  result  of  the  review  process.  It  reflects  a 
simulation  of  real  world  software  maintenance  procedures  as  well  as  a 
pragmatic  approach  designed  to  compensate  for  the  limited  amount  of  available 
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data. 


As  a  result  of  the  formulated  methodology,  a  two-phased  data  collection 
effort  was  initiated.  Phase  I  consisted  of  t  collection  of  historical  data 
for  each  system  currently  past  the  Program  Management  Responsibility  Transfer 
(PMRT)  date.  A  Phase  I  questionnaire  was  designed  to  obtain  the  software 
support  costs  expended  as  well  as  information  about  the  characteristics 
associated  with  tne  software.  A  Phase  II  questionnaire  was  drawn  up  to  obtain 
certain  subjective  information  about  those  characteristics.  Because  of  the 
limited  historic  data  available,  subjective  data  was  provided  by  Air  Force 
personnel  on  now  changes  in  certain  characteristics  affect  software  support 
cost  incurrence. 

3.4  Data  Organization  and  Analysis 

The  data  collected  from  the  field  was  coded  and  edited  so  that  it  could 
be  analyzed  for  use  by  the  model.  The  cost  information  was  normalized  to 
remove  individual  differences  caused  by  extraneous  factors  (physical  location, 
command  decisions,  salary  steps,  inflation  etc.).  The  characteristics 
information  was  simply  edited  for  completeness  and  summarized.  Finally,  the 
subjective  information  was  inputted  into  a  computer.  Using  a  statistical 
package,  arithimetic  equations  and  functions  were  derived  which  reflect  the 
trends  in  the  answers  provided  by  the  respondents. 

3.5  Algorithm  Development 

An  algorithm  utilizing  the  information  collected  was  established  to 


project  software  maintenance  costs.  The  algorithm  started  with  the  historical 
costs  and  characteristics  as  the  baseline  data.  The  costs  were  then  adjusted 
according  to  the  characteristic  values  of  the  system  described  by  the  model 


user.  The  adjustments  were  accommpl  ished  by  applying  the  derived  modification 
factors  and  functions. 

3.6  Computeri zati  on 

The  model  algorithm,  normalization  factors,  modification  factors,  and 
other  necessary  information  was  programmed  into  a  computer.  The  computer 
automated  the  process  by  which  the  user  may  offer  his  own  support  software 
characteristics  and  facilitated  the  thousands  of  computations  necessary  to 
complete  the  cost  projection  methodology. 

3.7  Model  Validation 

The  model  was  validated  by  inputting  the  characteristics  of  three 
existing  systems  whose  costs  were  not  used  in  the  model  development.  The 
costs  projections  were  compared  with  the  actual  costs  and  the  major 
discrepanci es  were  examined  and  explained. 

3.8  Document ati  on 

All  of  the  information  required  to  develop,  implement,  and  use  the  ASSCM 
belongs  to  the  Air  Force.  An  audit  trail  to  support  all  of  the  data  utilized 
by  the  model,  as  well  as  the  algorittai  itself,  is  provided  in  this  document  as 
well  as  other  publications  provided  to  the  Air  Force.  See  also  the  referenced 
documents  i n  Secti on  2  . 
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MODEL  DEVELOPMENT 


4.1  Review 

The  review  period  enabled  SYSCON  personnel  to  become  familiar  with  how 
current  software  maintenance  costs  are  generated,  the  procedures  and  problems 
associated  with  software  maintenance,  existing  data  available,  and  current 
metnodologies  used  for  estimating  these  costs.  The  review  consisted  of  data 
gathering  trips  to  three  ALC's  and  a  comprehensive  review  of  all  documents 
written  heretofore  related  to  the  subject  of  projecting  costs  for  maintaining 
embedded  computer  software.  The  three  trips  were  designed  to  obtain  any 
available  data  or  documents  which  might  by  useful  and  to  find  out  as  much  as 
possible  about  software  maintenance  costs  and  the  factors  which  affect  those 
costs.  The  dates,  destination  and  SYSCON  personnel  involved  are  summarized 
below: 


Date 

Destination 

Systems  Discussed 

Personnel 

9/22/80 

China  Lake,  CA 

A -7 

J.  Cyr 

11/3/80-11/7/80 

OC-ALC 

E-3A  - 

T.  Pavlick,  0 

.  Murray 

1/12/81-1/16/81 

SM-ALC 

F-111F,  F-111D 
FB-111A 

J.  Murray,  B. 

Johnson 

2/9/81-2/13/81 

WR-ALC 

APR-38,  ALQ-155 
ALQ-131 ,  ALR-69 
ALR-46,  ALR-62 

W.  Gagner,  R. 
J.  Murray 

Bentley, 

The  major  conclusions  that  resulted  from  this  review  are  summarized 
below: 

•  The  ALC's  collect  cost  data  independently,  providing  a  nonstandard 
means  for  summarizing  information  for  all  ALC's. 
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•  There  were  too  few  systems  with  post-PMRT  experience  to  develop 
statistical  cause-and-effect  relationships  between  costs  and 
software  characteristics. 

•  Air  Force  personnel  were  very  interested  in  estimating  software 
support  costs  but  had  no  formal  means  for  doing  so  at  this  time. 

t  Labor  cost  data  was  collected  uniformly  on  Form  75  for  all  ALC's; 
nowever,  this  information  was  projected  (not  actual)  and  could  not 
be  used  to  support  the  ASSCM  in  its  present  form. 

•  Indirect  labor  costs  and  support  equipment  costs  are  not  broken 
out  by  system,  nor  are  the  costs  available  from  one  source. 

•  Where  cost  information  exists  for  a  specific  system,  summarizing 
it  would  be  an  extremely  time-consuming  and  costly  effort,  perhaps 
reaching  a  point  of  diminishing  returns. 

•  There  are  certain  software  characteristics  which  directly  impact 
upon  software  maintenance  costs.  These  include  program  size, 
language,  complexity  rating,  structure,  etc.  and  are  discussed  in 
greater  detail  in  section  4.2. 

•  An  algorithm  uniquely  capable  of  simulating  a  situation  wherein 
limited  available  data  is  required  to  project  software  maintenance 
costs  would  best  achieve  the  Air  Force's  goals. 

SYSCON's  conclusions  about  the  lack  of  available  data  were  not 
encouraging  insofar  as  the  development  of  a  computer  model  based  on 
statistically  reliable  manipulations  of  a  comprehensive  data  base.  Prior  to 
suggesting  an  alternative  methodology,  SYSCON  presented  its  summary  of  data 
collection  problems.  This  is  provided  in  APPENDIX  A. 

As  a  result  of  these  observations  and  conclusions,  SYSCON  developed  an 
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alternative  pragmatic  approach  for  estimating  support  costs  of  future  embedded 
computer  systems.  This  was  presented  on  March  19,  1981  in  a  concept  paper. 
(See  Applicable  Document  No.  3) 


4.2  Methodology  Development 

After  the  data  collection  trips  and  the  information  received  was 
digested,  SYSCON  developed  a  unique  methodology  upon  which  to  base  the 
model.  This  methodology  makes  use  of  the  data  currently  available  while 
providing  a  means  to  logically  project  and  support  cost  estimates. 

The  first  task  was  to  develop  a  standardized  means  for  collecting  cost 
information.  Tnis  effort  resulted  in  the  work  breakdown  structure  ( MBS )  shown 
in  FIGURE  1.  This  WBS  enables  one  to  collect  cost  data  for  all  systems  such 
that  a  consistent  definition  of  costs  can  be  assured.  Tnis  formed  the  basis 
from  which  costs  were  collected  and  projected,  enabling  costs  for  the  various 
systems  to  be  properly  and  reliably  compared. 

Associated  with  the  costs  collected  for  supporting  the  embedded  computer 
software  of  any  one  system  are  the  characteristics  that  describe  that 
system.  As  a  result  of  the  review  effort,  sixteen  factors  were  -lypothesized 
to  affect  costs.  These  factors,  as  well  as  some  additional  descriptive 
information,  are  listed  in  FIGURE  2.  Depending  upon  the  value  given  for  each 
of  the  characteristics,  software  support  costs  could  be  expected  to  increase 
or  decrease  in  a  predictable  fashion.  This  forms  the  basis  upon  which  the 
methodology  is  founded. 

The  general  methodology  with  a  specific  example  was  provided  to  the  Air 
Force  in  Applicable  Document  No.  3.  It  relies  on  historical  information  from 
current  systems  to  constitute  the  baseline  data.  It  then  assumes  that 
relationships  between  costs  and  changes  in  the  characteristics  that  describe 
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FIGURE  1 

AVIONICS  SOFTWARE  WORK  BREAKDOWN  STRUCTURE 


FIGURE  2 

DESCRIPTIVE  SYSTEM  CHARACTERISTICS 

PARAMETERS  RANGE  OF  ACCEPTABLE  VALUES 
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the  software  can  be  quantified  and  applied  to  the  historic  costs  to  form  a 
new,  projected  cost  estimate.  Costs  are  defined  according  to  the  WBS  and  are 
adjusted  according  to  arithimetic  modification  equations.  The  modification 
equations  are  to  be  derived  from  data  collected  from  Air  Force  personnel  who 
are  intimately  familiar  with  software  maintenance. 

4. 3  Data  Collection 

To  accomplish  the  data  needs  to  support  the  methodology,  two  separate 
questionnaires  were  designed.  The  Phase  I  questionnaire  seeks  specific 
information  about  a  particular  system  as  well  as  general  information  which 
might  apply  to  several  systems.  FIGURE  3  lists  the  information  requested  by 
the  Phase  I  questi onnai re.  It  should  also  be  noted  that  the  Phase  I 
questionnaire  was  completed  by  only  one  person  per  system,  usually  the  lead 
engineer  or  supervisor.  Where  the  general  information  is  not  known, 
additional  personnel  (usually  administrative)  were  contacted  at  the  various 
ALC's.  A  copy  of  the  Phase  I  questionnaire  is  provided  in  APPENDIX  B. 

The  Phase  II  questionnaire  is  designed  to  obtain  subjective 
information.  This  questionnaire  was  to  be  completed  by  as  many  software 
support  engineers  as  possible.  The  objective  is  to  find  out  how  changes  in 
certain  characteri sti cs  affect  labor  costs  and  to  derive  mathematical 
functions  to  reflect  the  overall  trend  of  answers.  FIGURE  4  provides  the 
information  about  which  expert  judgnent  was  requested.  The  Phase  II 
questionnaire  is  provided  in  APPENDIX  C. 
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FIGURE  4 

PHASE  II  QUESTIONNAIRE  INFORMATION  REQUESTED 
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RATE  OF  CHANGE 
SKILL  LEVEL  MIX 
CHANGE  EFFICIENCY 
ATTRIBUTES  OF  AN  AVERAGE  SYSTEM 


With  questionnaires  In  hand,  additional  data  collection  trips  to  the 


ALC's  were  made  by  SYSCON  personnel.  These  are  sunmarlzed  below: 


DATE 

Desti  nation 

Systems  Discussed 

Personnel 

8/17/81-8/19/81 

00-ALC 

F-4.F-16 

R.  Bentley, 

J.  Murray 

8/19/81,8/20/81 

SM-ALC 

F-111F,  F-111D 
FB-111A 

R.  Bentley, 

J.  Murray 

8/21/81 

Point  Mugu,  CA 

F-14 

R.  Bentley, 

J.  Murray 

10/12/81,10/13/81 

WR-ALC 

APR -38  ,AL Q-155 
AL0-131.ALR-69 
ALR-46  .ALR-62 

R.  Bentley, 

J.  Murray 

10/13/81,10/14/81 

OC-ALC 

E-3A,  A -7 

R.  Bentley, 

J.  Murray 

4.4  Data  Organization  and  Analysis 

Data  was  collected  using  the  Phase  I  and  Phase  II  questi onnai res  from  all 
known  sources  where  embedded  computer  software  was  being  maintained.  FIGURE  5 
sunmarizes  the  location,  systems,  and  type  of  data  collected. 

As  stated  above  there  are  two  distinct  types  of  data:  historical  and 
subjective.  The  historical  data  for  each. system  includes  actual  costs 
expended  during  the  most  recent  block  change  period  as  well  as  various 
descriptive  Information  about  the  software  and  the  people  maintaining  the 
software.  This  Information  was  swmarlzed  and  edited  for  completeness.  The 
data  for  seven  systems  was  deemed  sufficiently  complete.  These  systems 
eventually  became  the  baseline  data  for  the  ASSCM.  Data  for  three  other 
systems  were  used  to  facilitate  the  model  validation. 

Phase  II  data  was  collected  from  thirty-nine  individuals  who  were 
currently  maintaining  embedded  computer  software.  These  people  exhibited 
varying  degrees  of  experience  and  provided  a  wide  spectrun  of  responses  from 
which  to  derive  trends.  Each  of  the  questionnaires  was  acknininstered  by 


FIGURE  5 

DATA  COLLECTED 


S YSCON  personnel  to  maintain  as  consistent  an  understanding  of  tne  questions 
as  possible.  The  results  were  coded,  edited,  and  read  into  a  computer  for 
final  analysis. 

4.4.1  Historical  Data. 

The  historical  data  was  usually  obtained  from  either  the  lead  engineer  or 
the  supervisor  for  each  software  support  staff.  Once  all  of  the  questions 
were  answered,  the  descriptive  data  was  simply  summarized.  The  cost  data, 
however,  had  to  be  normalized  to  remove  the  exogenous  factors  which  affect  the 
costs  for  the  various  systems  differently. 

For  example,  a  GS-11  employee's  annual  salary  may  vary  considerably 
depending  on  his  or  her  step.  To  compensate  for  this  exogenous  cost 
difference,  an  average  annual  salary  for  each  grade  was  derived.  Another 
example  concerns  the  number  of  personnel  managed  by  a  supervisor.  For  one 
group  the  ratio  mignt  be  ten  workers  per  supervisor.  For  another  group  it 
might  be  six.  The  model  assumes  an  average  figure. 

All  of  these  normalization  factors  and  their  FY  1981  values  are  provided 
in  TABLES  1-A  through  1-0 

When  determining  tne  actual  values  of  the  normalization  factors,  SYSCON 
employed  an  expert  panel  approach  to  determine  the  most  reasonable  values. 

This  was  necessary  because  the  data  available  was  limited  and  not  subject  to 
statistical  analysis.  It  should  be  noted  that  the  explanations  provided  below 
include  the  input  and  judgement  from  several  individuals.  Thus,  a  particular 
value  that  might  be  referred  to  as  an  average  may  not  actually  equal  tne 
arithmetic  average  of  all  tne  data  available.  It  simply  reflects  the 
concensus  of  the  entire  group  for  the  most  reasonable  figure. 


TABLE  1-A 

DEFAULT  VALUES  FOR  NORMALIZATION  FACTORS 
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HARDWARE  MAINTENANCE  COST  RATIO  10% 


TABLE  1-B 

DEFAULT  VALUES  FOR  ORGANIC 
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TABLE  1-D 

ADDITIONAL  DEFAULT  VALUES 


See  APPENDIX  D  for  a  summary  of  the  data  from  which  most  of  the  decisions 


were  based.  A  discussion  of  each  normalization  factor  follows. 

4. 4. 1.1  Organic  Labor  Cost/Manmonth  By  Grade 

The  organic  labor  cost/manmonth  by  grade  is  assumed  to  be  the  same  for 
all  personnel  within  each  grade.  This  was  determined  separately  for  civilian 
and  military  grades  and  is  used  to  normalize  the  historical  direct  labor  cost 
for  maintaining  the  software  for  the  most  recent  block  change.  See  TABLES  2-A 
and  2-B  for  the  derivation  of  these  normalization  factors. 

4. 4. 1.2  Contractor  Labor  Cost/Manmonth 

The  contractor  labor  cost/manmonth  is  assumed  to  be  $7,000  for  fiscal 
year  1981.  This  figure  is  based  on  the  historical  data  collected  which 
indicated  a  range  of  $4500  to  $10,000.  The  chosen  figure  seems  to  best 
reflect  the  average  for  contractors,  either  on-site  or  off-site. 

The  contractor  labor  cost/manmonth  is  used  to  convert  contractor 
manmonths  to  contractor  costs.  This  normalization  is  necessary  to  account  for 
the  varying  rates  that  are  charged  by  different  contractors. 

4. 4. 1.3  Supervision  Ratio 

The  supervision  ratio  is  the  inverse  of  the  employees  per  supervisor. 
Actual  data  indicated  that  supervisors  managed  from  three  to  fourteen 
people.  An  average  figure  of  7.7  was  assumed  to  reflect  all  of  the  ALC's. 
Thus,  the  supervision  ratio  is  computed  as  follows: 

1  *  7.7  =  .13 
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TABLE  2-A 

DERIVATION  OF  ANNUAL  LABOR  COSTS/HANHONTH 


W  Assuict  average  of  GS  5  and  GS  7  equally  weighted 


TABLE  2-B 


— ^Average  monthly  base  salaries  by  grade  were  received  10/27/81  from 
Mr.  Jerry  Carter,  HQTRS  AFLC/NPKP  at  WPAFB .  Figures  are  for  10/1/81.  See 
APPENDIX  E 

—^Previous  column  multipled  by  1.50.  Overall  civilian's  benefit  factor  is 
about  1.33.  Since  military  benefits  include  housing  and  food  allowances,  1.50 
is  used  as  an  estimate. 

1/Assumes  0-1 

— ^Assumes  average  of  0-4,  0-5,  and  0-6  equally  weighted. 
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4. 4. 1. 4  Adni ni  strati  ve  Rati  o 


The  adni  ni  strati  ve  ratio  is  similar  to  the  supervision  ratio  but  reflects 
the  nunber  of  adni  ni  strati  ve  personnel  required  to  serve  the  software  support 
staff.  Actual  data  showed  that  the  nunber  of  workers  per  supervisor  and 
adni  ni  strator  was  nearly  the  same.  Therefore,  the  administrative  ratio  was 
assuned  to  be  the  same,  i.  e,  .13. 

4. 4. 1.5  Supervi  si  on  Cost/Manmonth 

The  supervision  cost/manmonth  is  assuned  to  be  the  same  for  all 
supervisors.  Since  this  person  is  usually  a  grade  GS  13,  the  average  cost/ 
manmonth  for  this  grade  is  assuned  to  apply.  As  shown  in  TABLE  2-A,  the 
figure  is  $4,390. 

4. 4. 1. 6  Adni  ni  strati  ve  Cost/ Manmonth 

The  administrative  cost/manmonth  is  assuned  to  be  the  same  for  all 
administrators.  Since  this  person  is  usually  a  secretary  bel  ow  a  grade  9,  the 
average  cost/marmorrth  for  a  grade  below  GS  9  applied.  As  shown  in  TABLE  2-A, 
the  figure  is  $1,847. 

4. 4. 1.7  Administrative  Compl  exi  ty  Functi  on 

The  administrative  complexity  function  is  designed  to  reflect  the 

increase  in  administrative  costs  due  to  the  monitoring  of  outside 

contractors.  This  equation  is  derived  from  subjective  information  requested 

as  part  of  the  Phase  I  questionnaire.  The  question  reads  as  follows: 

Describe  the  relative  increase,  if  any,  in  administrative  costs  caused  by 
Increasing  the  amount  of  work  contracted.  Assune  that  if  OS  of  the  work 
Is  performed  by  contractors,  the  value  is  1.00.  For  example,  if  you  feel 
that  contracting  50S  of  the  work  would  increase  administrative  costs  by 
20S,  you  would  write  1.20  below  the  50  percent  column. 


%  of  work  contracted 
~ 0 - 25  50  75  '  100 

Relative  increase  in 

adni ni strati  ve  costs  1. 00  ___  _ _ _ 

The  average  of  all  answers  reflect  the  following  relative  cost  increases: 

%  of  work  contracted 
~  P  -  ~2'5~  ~50~~  75"  100 

Relative  increase  in 

administrative  costs  1.  00  1.  125  1.25  1.375  1.50 

Incorporating  this  information  into  a  continuous  function  results  in  the 
fol  1  owi  ng  equati  on: 

y  =  . 005X  +  1 

where  y  =  relative  increase  in  acfoiini  strati  ve  costs 
x  =  %  of  work  contracted 

4.4. 1.8  I  nfl  ati  on  Factors 

The  inflation  factors  are  used  to  normalize  costs  such  that  costs 
referring  to  different  periods  of  time  can  be  compared.  These  factors  remove 
the  impact  of  price  increases  directly  tied  to  inflation. 

The  inflation  factors  were  provided  by  the  Air  Force  and  are  current  for 
October  1981.  For  all  years  after  1986  an  annual  inflation  rate  of  9.6%  is 
assuned. 

4.4. 1.9  TAE  Ratio 

The  T4E  ratio  is  used  to  estimate  the  nunber  of  actual  hours  in  the  air 
for  testing  the  new  software  after  changes  have  been  completed.  The  T&E  ratio 
is  defined  as  the  nunber  of  manhours  requi red  for  testing  and  evaluating  the 
software  (in  the  lab)  divided  by  the  nunber  of  hours  required  to  test  the 
software  actually  onboard  the  aircraft  (in  the  air). 
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The  average  figures  selected  are  estimated  from  the  historical  data 
available.  Because  it  appears  that  system  type  impacts  the  amount  of  T&E 
required  in  the  air,  three  separate  factors  are  used.  These  are  listed  below: 

T&E  Ratio 
3.0% 

5.0% 

3.5% 


4.4.1.10  Cost/Flight  Test  Hour  By  Aircraft  Type 

The  cost/flight  test  hour  by  aircraft  type  represents  the  hourly  cost  for 
testing  the  updated  embedded  computer  software  under  actual  circumstances. 

This  is  the  cost  of  flying  the  airplane  as  well  as  using  the  test  range. 

The  historical  data  indicates  varying  costs  per  hour  for  testing 
depending  upon  the  type  of  aircraft  being  used.  The  amounts  selected  as  most 
representative  are  shown  below: 


Aircraft  Tv 


Bomber  Fighter  Surveillance 


Cost/Flight  Test  Hour  $2,000  $5,000  $2,000  $6,000 


4.4.1.11  Cost/Reproduction  By  Medium 

The  cost/reproduction  by  medium  is  used  to  estimate  the  cost  necessary  to 
duplicate  the  updated  software  and  install  it  on  the  aircraft  in  the  field. 
There  are  three  primary  media  for  copying  the  software:  mylar  tape,  PROM,  and 
magnetic  tape.  The  unit  medium  costs  are  $35,  $20,  and  $17,  respectively. 

Associated  with  each  of  these  media  is  an  undefined  factor  called  the 
medium  factor.  The  medium  factor  is  used  to  convert  program  size  to  an 


average  nunber  of  tapes  or  PROMs  required  per  fielded  system.  The  medi  un 
factor  is  .12  for  mylar  tape.  This  indicates  that  only  a  portion  of  the 
entire  role  of  myl  ar  tape  is  required  per  system.  For  PROMS  the  medi  un  factor 
is  related  to  the  nunber  of  lines  of  code  and  a  constant,  K,  which  takes  into 
account  technological  changes  over  time.  The  medium  factor  is: 

Medium  Factor  { P ROM )  =  Lines  of  code  X  1.1 

- R - 

Where  K  =  .25  before  1981 

K  »  .50  between  1981  and  1982 
K  =  1.00  between  1983  and  1985 
K  =  2.00  after  1985 

This  factor  divides  the  lines  of  code  by  the  amount  of  code  able  to  fit  on  a 
PROM,  while  assuring  10"  spoilage.  The  amount  of  code  able  to  fit  on  a  PROM 
is  expected  to  increase  over  time,  as  indicated  by  the  time- dependent  values 
of  K. 

The  medium  factor  for  magnetic  tape  is  different  depending  on  the  system 
application.  The  nunber  of  tapes  necessary  on  average  for  an  0FP  application 
is  2.  ForCE,  the  nunber  of  tapes  requi  red  is  significantly  higher.  The 
value  chosen  is  25. 

4.4.1.12  Space/Person 

The  space/person  normal  ization  factor  is  used  to  estimate  the  amount  of 
building  space  required  once  the  nunber  of  people  has  been  estimated  by  the 
model.  For  technical  personnel,  the  nunber  of  square  feet  per  person  is 
275.  This  includes  space  for  lab  equipment,  desks,  chairs,  shelves,  floors, 
and  anythi ng  el  se. 


Since  supervisors  do  not  necessarily  require  space  for  equipment,  a 
smaller  space  is  required.  An  office  of  10  feet  by  13  feet  or  130  square  feet 


is  assumed  to  be  representative. 


4.4.1.13  Building  Cost/Square  Foot 

The  building  cost/square  foot  is  used  to  estimate  the  facility  cost  for 
sheltering  a  software  support  staff.  Although  building  costs  vary 
considerably  all  over  the  country,  $136  per  foot  is  assumed  to  be 
representative  for  this  nonrecurring  cost. 

4.4.1.14  Utility  Cost/Square  Foot 

Tne  utility  cost/square  foot  is  used  to  account  for  utility  costs 
associated  with  a  building.  This  recurring  cost  varies  considerably  depending 
on  the  climate  experienced  by  a  particular  region.  The  figure  chosen  to  be 
most  representative  is  $1.20. 

4.4.1.15  Furnishing  Cost/Person 

The  furnishing  cost/person  accounts  for  the  nonrecurring  costs  of 
supplying  employees  with  their  everyday  needs:  desks,  chairs,  filing 
cabinets,  etc.  An  amount  of  $680  is  assumed. 

4.4.1.16  Materials  and  Supplies  Cost/Person 

The  materials  and  supplies  cost/person  includes  recurring  costs  necessary 
to  supply  each  employee.  This  includes  pens,  pencils,  paper,  desk  pads,  paper 
clips  etc.  The  amount  assumed  is  $700  per  year. 

4.4.1.17  General  Computer  Cost/Person 

The  general  computer  cost/person  is  used  to  estimate  the  computer 
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hardware  and  other  peripheral  costs  that  are  assigned  to,  and  used  by,  more 
than  one  staff  of  people.  This  nonrecurring  cost  is  assumed  to  be  520,000. 


4.4.1.18  Hardware  Maintenance  Cost  Ratio 

The  hardware  maintenance  cost  ratio  is  used  to  estimate  the  recurring 
cost  of  maintaining  tne  computer,  peripherals,  and  other  lab  equipment.  Based 
on  tne  data  available  it  appears  that  maintenance  costs  are  approximately  105! 
of  the  original  hardware  acquisition  cost. 

4.4.2  Subjective  Data. 

Tne  subjective  data  is  obtained  from  members  of  the  software  support 
staffs  at  each  of  the  locations  visited.  These  people  work  with  the  embedded 
computer  software  everyday.  They  have  an  indepth  knowledge  of  the  procedures 
required  and  know  better  than  anyone  else  how  certain  characteristics  in  the 
software  affect  their  time. 

The  Phase  II  questionnaire  was  given  to  several  people  at  once  and 
adminstered  by  SYSCON  personnel.  In  this  way,  a  consistent  understanding  of 
the  questions  would  be  relayed  to  the  respondents  to  insure  reliability  of 
answers  to  the  maximum  extent  possible.  Thirty-nine  questionnaires  were 
completed,  thirty-six  by  Air  Force  personnel.  These  included  both  civilian 
and  military.  APPEND:  F  lists  the  names  of  the  respondents  and  their 
locations . 

The  approach  used  to  obtain  the  subjective  information  is  known  as  the 
Delphi  Technique.  Generally,  the  Delphi  Technique  is  applicable  to  situations 
where  real  answers  are  unknown--usual ly  some  sort  of  prediction  of  future 
events  is  required.  This  is  precisely  the  situation  here.  The  objective  is 
to  predict  now  changes  in  certain  system  characteristics  will  impact  on  costs. 


The  Delphi  Technique  calls  for  the  opinions  of  expert  panelists.  The 


original  responses  are  tallied  and  summarized.  The  panalists  are  then 
notified  of  the  average  answers  of  the  group  as  a  whole.  Each  has  an 
opportunity  to  change  any  of  his/her  answers  based  on  this  additional 
knowledge.  The  final  answers  are  then  tallied  and  readied  for  analysis. 

All  of  the  Phase  II  responses  were  received  by  December  1981.  The 
answers  were  coded  and  fed  into  SYSCONs1  Hewlett  Packard  3000  computer.  Next, 
the  numbers  were  averaged  and  summarized.  Each  respondent  was  then  sent  a 
computer-generated  letter  indicating  how  his  answers  compa*  d  to  the  groups' 
averages.  A  sample  of  this  letter  is  shown  in  APPENDIX  6.  Each  respondent 
was  given  the  opportunity  to  make  any  changes  and  forward  the  results  back  to 
SYSCON.  All  questionnaires  were  completed  and  returned  by  February  1982. 

The  data  changes  were  made  so  that  the  files  could  be  updated.  The  fi^es 
were  then  fed  into  a  statistical  package  to  ensure  that  the  new  answers  could 
be  edited  for  completeness  and  consistency  and  readied  for  statistical 
analysis. 

There  were  two  types  of  statistical  analyses  performed  on  the  data. 

First,  the  answers  were  simply  averaged  to  derive  the  general  trend.  This  was 
all  that  was  necessary  for  several  of  the  questions  that  simply  asked  for 
ordinal^  (ranking)  data. 

Tne  otner  questions  asked  for  ratio  type  data,  wnich  is  susceptible  to 
more  sophisticated  statistical  analyses.  For  these  questions,  linear  and 

lAnere  are  four  types  of  data:  nominal,  ordinal,  interval,  and  ratio. 

Nominal  data,  such  as  the  numbers  on  the  back  of  baseball  players'  uniforms, 
cannot  be  maniputed.  On  the  other  end  of  the  scale  is  ratio  data.  An  example 
is  the  number  of  mme  runs  hit  by  baseball  players  during  the  year.  Ratio 
data  can  be  manipulated  such  that  adding  or  dividing  two  totals  is 
meaningful.  For  more  information  on  this  subject  see  any  standard  statistical 
test  book,  including  Research  for  Marketing  Decisions,  Paul  E.  Green  and 
Donald  S.  Tull,  Prentice-Hall,  Inc.,  Englewood  Cliffs,  N.J.,  1970,  pages  174- 
181. 
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nonlinear  regression  analysis  was  used  to  derive  arithmetic  equations  that 
statistically  represent  the  data.  This  also  provided  statistical  criteria  for 
measuring  how  well  the  equations  reflected  the  data.  In  each  case  an 
exponential  and  a  linear  relationship  were  tested.  Where  further  testing  was 
deemed  necessary,  a  logarithmic  equation  form  was  tried.  The  shape  which 
exhibited  the  best  fit  according  to  the  statistical  criteria  was  chosen. 
Computer  printouts  of  the  statistical  results  have  been  provided  to  the  Air 
Force  under  separate  cover. 

The  results  of  the  regression  analyses  discussed  above  are  shown  in  TABLE 
3.  TABLE  4  summarizes  the  modification  factors  for  those  characteristics  not 
susceptible  to  regression  analysis.  Each  derivation  is  discussed  below. 

4. 4. 2.1  Lines  of  Code 

The  question  on  lines  of  code  is  designed  to  measure  how  changes  in  the 
embedded  computer  software  size  affect  costs.  The  hypothesis  is  that  the 
larger  the  program,  the  more  difficult  to  change  and  update  the  software, 
causing  costs  to  increase.  As  shown  in  TABLE  3,  the  shape  of  equations  varies 
between  exponential  and  a  straight  line,  depending  upon  the  work  phase  in 
question. 

The  cost  of  maintaining  the  support  software  is  assumed  to  be  independent 
of  the  embedded  computer  software  size. 

4. 4. 2. 2  Percent  Memory  Fill 

The  percent  memory  fill  is  important  since  as  this  characteristic 
approaches  100%,  additional  lines  of  code  will  require  some  deletion  of  old 
code.  Obviously,  time  and  costs  would  increase  substantially  to  accomplish 
this. 
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TABLE  4 

MODIFICATION  FUNCTIONS 


PAGE  1  OF  7 


PHASE 

8.  LANGUAGE 

STRUCTURED 

ASSEMBLY 

FORTRAN 

HOL 

REQUIREMENTS  REVIEW 

1.00 

.94 

.91 

DESIGN 

1.00 

.84 

.78 

DEVELOPMENT 

1.00 

.67 

.62 

INTEGRATION 

1.00 

.83 

.76 

TEST  &  EVALUATION 

1.00 

.87 

.82 

DOCUMENTATION 

1.00 

.82 

.75 

REPRO/INSTALLATION 

1.00 

.95 

.91 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

11-9-85-14 


9.  DEVELOPMENT  V&V  RATING 
PHASE  (YEAR  OF  SUPPORT  =  1) 


NONE 

DEVELOPER 

COMPLETE 

REQUIREMENTS  REVIEW 

1.41 

1.00 

.90 

DESIGN 

1.56 

1.00 

.80 

DEVELOPMENT 

1.65 

1.00 

.81 

INTEGRATION 

1.68 

1.0Q 

.78 

TEST  &  EVALUATION 

2.05 

1.00 

.67 

DOCUMENTATION 

1.68 

1.00 

<»  ‘ 

REPRO/INSTALLATION 

1.18 

1.00 

.96 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 
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TABLE  4 

MODIFICATION  FUNCTIONS 


9  DEVELOPMENT  V&V  RATING 
(YEAR  OF  SUPPORT  =  2) 


PHASE 

NONE 

DONE 

BY 

DEVELOPER 

TOTAL 

IV  &  V 
COMPLETE 

REQUIREMENTS  REVIEW 

1.14 

1.00 

.96 

DESIGN 

1.20 

1.00 

.92 

DEVELOPMENT 

1.23 

1.00 

.91 

INTEGRATION 

1.24 

1.00 

.85 

TEST  &  EVALUATION 

1.37 

1.00 

.85 

DOCUMENTATION 

1.24 

1.00 

.93 

REPRO/INSTALLATION 

1.06 

1.00 

.99 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

9.  DEVELOPMENT  V&V  RATING 
(YEAR  OF  SUPFORT  =  3) 


PHASE 

NONE 

DONE 

BY 

DEVELOPER 

TOTAL 

IV  &  V 
COMPLETE 

REQUIREMENTS  REVIEW 

1.04 

1.00 

.99 

DESIGN 

1.06 

1.00 

.98 

DEVELOPMENT 

1.07 

1.00 

.98 

INTEGRATION 

1.07 

1.00 

.97 

TEST  &  EVALUATION 

1.11 

1.00 

.95 

DOCUMENTATION 

1.07 

1.00 

.98 

REPRO/INSTALLATION 

1.02 

1.00 

1.00 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

NOTE:  IF  YEAR  OF  SUPPORT  IS  4  OR  MORE,  THEN  THE  MODIFICATION  VALUE  FOR 
DEVELOPMENT  V&V  RATING  IS  1.00; 


TABLE  4 

MODIFICATION  FUNCTIONS 


10.  PROGRAM  DESIGN 


PHASE 

POOR 

FAIR 

GOOD 

EXCELLENT 

REQUIREMENTS  REVIEW 

1.00 

.93 

.87 

.79 

DESIGN 

1.00 

.85 

.72 

.58 

DEVELOPMENT 

1.00 

.85 

.73 

.59 

INTEGRATION 

1.00 

.87 

.74 

.60 

TEST  &  EVALUATION 

1.00 

.91 

.80 

.70 

DOCUMENTATION 

1.00 

.89 

.78 

.67 

REPRO/INSTALLATION 

1.00 

.97 

.95 

.91 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

1.00 

11.  PROGRAM  IMPLEMENTATION 


PHASE 

POOR 

FAIR 

GOOD 

EXCELLENT 

REQUIREMENTS  REVIEW 

1.00 

.96 

.91 

.86 

DESIGN 

1.00 

.89 

.80 

.69 

DEVELOPMENT 

1.00 

.86 

.73 

.61 

INTEGRATION 

1.00 

.87 

.74 

.61 

TEST  &  EVALUATION 

1.00 

.89 

.80 

.70 

DOCUMENTATION 

1.00 

.92 

.84 

.74 

REPRO/INSTALLATION 

1.00 

.96 

.93 

.89 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

1.00 
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TABLE  4 

MODIFICATION  FUNCTIONS 


PHASE 


NONE 

REQUIREMENTS  REVIEW 

2.84 

DESIGN 

3.97 

DEVELOPMENT 

3.57 

INTEGRATION 

3.79 

TEST  &  EVALUATION 

3.13 

DOCUMENTATION 

4.11 

REPRO/INSTALLATION 

2.04 

SUPPORT  SOFTWARE 

1.00 

PHASE 


NONE 

REQUIREMENTS  REVIEW 

1.64 

DESIGN 

2.04 

DEVELOPMENT 

1.90 

INTEGRATION 

1.98 

TEST  &  EVALUATION 

1.75 

DOCUMENTATION 

2.09 

REPRO/INSTALLATION 

1.36 

SUPPORT  SOFTWARE 

1.00 

12.  INITIAL  DOCUMENTATION 
(YEAR  OF  SUPPORT  =  1) 


INCOMPLETE 

OUTDATED 

MIL-STD 

UP-TO-DATE 

1.00 

.65 

1.00 

56 

1.00 

.61 

1.00 

.62 

1.00 

.68 

1.00 

.52 

1.00 

.84 

1.00 

1.00 

!.  INITIAL  DOCUMENTATION 
/YEAR  OF  SUPPORT  =  2) 

INCOMPLETE 

OUTDATED 

MIL-STD 

UP-TO-DATE 

1.00 

.84 

1.00 

.78 

1.00 

.82 

1.00 

.82 

1.00 

.86 

1.00 

.76 

1.00 

.94 

1.00 

1.00 

NOTE:  IF  YEAR  OF  SUPPORT  IS  4  OR  MORE,  THEN  THE  MODIFICATION  VALUE  FOR 
INITIAL  DOCUMENTATION  IS  1.00. 
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TABLE  4 

MODIFICATION  FUNCTIONS 


12.  INITIAL  DOCUMENTATION 


(YEAR  OF  SUPPORT  = 

3) 

PHASE 

NONE 

INCOMPLETE 

OUTDATED 

MIL-STD 

UP-TO-DATE 

REQUIREMENTS  REVIEW 

1.18 

1.00 

.95 

DESIGN 

1.30 

1.00 

.93 

DEVELOPMENT 

1.26 

1.00 

.94 

INTEGRATION 

1.28 

1.00 

.94 

TEST  &  EVALUATION 

1.21 

1.00 

.96 

DOCUMENTATION 

1.31 

1.00 

.92 

REPRO/INSTALLATION 

1.10 

1.00 

.98 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

PHASE 

CARGO 

13.  TYPE 

BOMBER 

OF  AIRCRAFT 

FIGHTER  SURVEILLANCE 

REQUIREMENTS  REVIEW 

.83 

1.02 

1.00 

.98 

DESIGN 

.80 

1.02 

1.00 

1.01 

DEVELOPMENT 

.80 

1.01 

1.00 

1.02 

INTEGRATION 

.79 

1.05 

1.00 

1.02 

TEST  &  EVALUATION 

.80 

.99 

1.00 

1.01 

DOCUMENTATION 

.89 

1.02 

1.00 

.99 

REPRO/INSTALLATION 

.90 

1.00 

1.00 

.99 

SUPPORT  SOFTWARE 

1.00 

1.00 

1.00 

1.00 

NOTE:  IF  YEAR  OF  SUPPORT  IS  4  OR  MORE,  THEN  THE  MODIFICATION  VALUE  FOR 
INITIAL  DOCUMENTATION  IS  1.00. 
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TABLE  4 

MODIFICATION  FUNCTIONS 


11-943-lt 


PHASE 

i 

REQUIREMENTS  REVIEW  .74 

DESIGN  .52 

DEVELOPMENT  .51 

INTEGRATION  .59 

TEST  &  EVALUATION  .65 

DOCUMENTATION  .69 

REPRO/INSTALLATION  .97 

SUPPORT  SOFTWARE  .51 


PHASE 

1 


REQUIREMENTS  REVIEW  .64 

DESIGN  .62 

DEVELOPMENT  .61 

INTEGRATION  .61 

TEST  &  EVALUATION  .62 

DOCUMENTATION  .55 

REPRO/INSTALLATION  .67 

SUPPORT  SOFTWARE  .61 
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14.  COMPLEXITY 


2 

3 

4 

5 

.86 

1.00 

1.56 

2.27 

.75. 

1.00 

2.15 

3.60 

.75 

1.00 

2.15 

3.60 

.80 

1.00 

2.08 

3.40 

.83 

1.00 

1.71 

2.87 

.86 

1.00 

1.65 

2.68 

.99 

1.00 

1.05 

1.10 

.75 

1.00 

2.15 

3.60 

15. 

RATE  OF 

CHANGE 

2 

3 

4 

5 

.76 

1.00 

1.42 

2.12 

.77 

1.00 

1.60 

2.39 

.78 

1.00 

1.62 

2.50 

.77 

1.00 

1.62 

2.48 

.77 

1.00 

1.62 

2.43 

.72 

1.00 

1.86 

2.68 

.79 

1.00 

1.42 

1.99 

.78 

1.00 

1.62 

2.50 
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TABLE  4 


WORK 

EFFICIENCY  (TIM 

E) 

PHASE 

16.  SKILL  LEVEL 

MIX 

j 

1 

2 

3 

4 

5 

REQUIREMENTS  REVIEW 

3.20 

1.94 

1.00 

.73 

.55 

DESIGN 

| 

3.86 

2.18 

1.00 

.69 

.47 

DEVELOPMENT 

3.68 

2.12 

1.00 

.69 

.48 

INTEGRATION 

3.95 

2.33 

1.00 

.69 

.49 

TEST  &  EVALUATION 

3.21 

1.91 

1.00 

.74 

.58 

^  DOCUMENTATION 

2.77 

1.69 

1.00 

.78 

.62 

REPRO/INSTALLATION 

1.83 

1.36 

1.00 

.88 

.79 

SUPPORT  SOFTWARE 

3.68 

2.12 

1.00 

.69 

.48 

NOTE:  CONTRACTORS  ARE  ASSUMED  TO  WORK  AS  EFFICIENTLY  AS  SKILL 

LEVEL  MIX  5.  IF  CONTRACTOR  IS  PRESENT,  WORK  EFFICIENCY  IS  THE 
WEIGHTED  AVERAGE  OF  CONTRACTOR  SKILL  LEVEL  MIX  AND  THE 
ORGANIC  SKILL  LEVEL  MIX. 


Once  the  regression  equation  was  selected,  a  further  adjustment  was 
necessary.  Since  regression  analysis  assumes  a  continuous  function,  the 
resulting  equation  reflects  a  relationship  over  all  possible  values  for 
percent  memory  fill.  To  compensate  for  the  unnecessary  need  of  concern  to 
reduce  program  size  for  low  percentages,  SYSCON  judged  that  deletion  of  lines 
of  code  does  not  become  important  until  the  percent  memory  fill  reaches  75%. 
Only  as  the  percentage  becomes  75%  or  greater  does  this  concern  become 
significant  enough  to  affect  costs.  Thus,  percentages  of  less  that  75  are 
assumed  to  have  no  impact  on  cost  causation. 

The  cost  of  maintaining  the  support  software  is  assumed  to  be  independent 
of  the  embedded  computer  software. 

4. 4. 2. 3  Percent  Timing  Fill 

The  percent  timing  fill  is  important  for  the  same  reason  as  percent 
memory  fill.  As  the  percent  reaches  100%,  additional  program  adjustments  may 
be  necessary  to  reduce  timing  constraints  when  the  software  is  updated. 

The  exponential  equations  were  chosen  for  each  of  the  seven  work 
phases.  As  with  percent  memory  fill,  percentages  below  75%  are  assumed  to 
have  no  impact  on  costs.  Moreover,  the  percent  timing  fill  has  no  effect  on 
the  support  software  maintenance  costs. 

4. 4. 2. 4  Percent  of  Work  Performed  by  Contractors 

This  characteristic  is  used  to  estimate  costs  associated  with  using 
outside  help  to  perform  the  work.  The  hypothesis  is  that  hiring  outside 
people  will  cause  some  duplication  of  work,  as  well  as  additional  costs  for 
monitoring  the  effort. 
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The  regression  equations  which  best  reflected  the  data  indicate  a 
logarithmic  shape,  except  for  documentation.  For  the  latter,  a  linear  shape 
was  best. 

The  equations  indicate  that  costs  rise  as  the  percentage  of  work 
performed  by  contractors  rises.  However,  after  a  certain  percentage,  perhaps 
30%,  the  amount  of  rise  tends  to  slow  considerably. 

With  this  characteristic,  support  software  costs  are  expected  to  change 
in  the  same  manner  as  software  development  costs.  However, 
reproduction/installation  costs  are  unaffected  by  the  percent  of  work 
performed  by  contractors. 

4.4.2. 5  Year  of  Support 

This  characteristic  is  designed  to  account  for  the  time  necessary  to 
become  completely  familiar  with  the  software.  The  hypothesis  is  that  as  time 
progresses,  maintenance  cost  will  decline  (all  other  factors  remaining  tne 
same) . 

Tne  equations  indicate  that  costs  decrease  exponentially  as  time  (year  of 
support)  increases.  This  is  indicated  by  the  negative  sign  in  the  exponent. 

It  is  also  hypothesized  that  at  some  time  a  point  of  diminishing  returns 
would  be  reached,  whereby  further  familiarization  with  the  coae  has  no  cost 
impact.  SYSCON  judged  that  after  the  sixth  year,  this  factor  will  have  no 
impact  on  cost  causation,  therefore  the  questionaire  allowed  for  an  impact 
from  this  characteri stic  only  for  the  first  six  years  of  support. 

The  equation  for  support  software  is  assumed  to  be  the  same  as  derived 
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for  the  development  phase. 


4. 4. 2. 6  Number  of  Fielded  Systems 


Tne  number  of  fielded  systems  has  only  a  small  cost  effect  on  software 
support.  However,  because  the  regression  equations  for  this  factor  are 
statistically  significant,  SYSCON  allowed  the  model  to  incorporate  the  small 
effect  into  its  cost  estimating  algorithm. 

This  factor  has  no  impact  on  maintaining  the  support  software. 

4. 4. 2. 7  Change  Efficiency 

The  question  regarding  change  efficiency  is  designed  to  gain  a  measure  of 
tne  amount  of  work  performed  compared  to  the  amount  of  work  requested.  Thus, 
change  efficiency  is  tne  number  of  changes  to  be  completed  by  the  software 
support  staff  divided  by  the  number  of  changes  requested  by  the  user.  Its 
effect  on  cost  is  the  same  for  each  of  the  work  phases,  except  requirements 
review  and  reproduction,  where  it  is  assumed  to  have  no  effect. 

The  equation  derived  is  exponential  and  snows  a  significant  impact  as  the 
amount  of  work  to  be  completed  is  increased.  This  is  as  expected. 

4. 4. 2. 8  Language 

The  language  of  the  software  is  expected  to  impact  the  costs  of  software 
maintenance.  The  question  lists  three  alternatives  and  requests  opinions  as 
to  what  extent  costs  are  impacted.  The  results  shown  in  TABLE  4  are  simply 
the  arithmetic  means  for  all  who  responded  to  the  question.  As  hypothesized, 
a  program  written  in  a  structured-higher  order  language,  rather  than  assembly 
language,  is  shown  to  reduce  substantially  the  costs  of  supporting  the 
software,  all  other  factors  remaining  the  same. 

The  language  of  the  embedded  computer  software  does  not  affect  the  cost 
of  maintaining  the  support  software. 
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4.4. 2.9  Development  V&V  Rating 

The  development  verification  and  validation  (V&V)  rating  is  a  measure  of 
now  well  the  software  as  originally  developed  performs.  As  expected,  the 
results  of  the  survey  show  that  maintenance  costs  will  diminish  as  the 
development  V&V  rating  improves. 

In  TABLE  4,  for  year  of  support  equal  to  1,  the  numbers  shown  provide  the 
actual  computed  averages  of  responses.  However,  SYSCON  hypothesizes  that 
after  the  tnird  year  of  support,  the  support  staff  has  made  sufficient  changes 
in  the  software  that  tne  V&V  rating  would  no  longer  have  an  impact  on  the 
support  costs.  Thus,  after  tne  third  year  this  function  reverts  to  all  l's. 

For  the  year  of  support  equal  to  2  and  3,  a  stepwise  adjustment  was 
required  to  smooth  out  the  reduction  of  importance  for  this  factor  over 
time.  SYSCON  judged  that  100%  of  the  impact  for  V&V  rating  is  felt  during  the 
first  year  of  support,  35%  during  the  second  year,  10%  during  the  third  year, 
and  0%  thereafter  .  Thus,  the  following  equations  are  used  to  adjust  the 
originally  computed  averages: 

For  values  greater  than  one  (unity): 

(X-l)  W  +  1  (1) 

For  values  less  than  one  (unity): 

(TTrifw-TT  (2) 

where  X  =  original  factor 

W  *  weight  (%  of  full  impact) 

For  equation  (1),  1  is  substracted  from  the  original  factor  to  obtain  the 
amount  of  impact.  (For  example,  1.80  means  an  80%  increase.)  This  is  then 
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multiplied  by  the  weight.  (That  is,  35%  of  80%  would  be  28%).  One  is  then 
added  back  to  get  the  new  factor.  (.28+1  =  1.28). 


For  equation  (2),  one  must  work  with  the  reciprocal  to  maintain 
consistency.  The  logic  and  explanation  is  precisely  the  same.  An 
illustrative  example  is  useful. 

Suppose  the  original  factor  is  1.80.  This  represents  an  80  percent 
increase  in  costs.  A  second  factor  to  exactly  offset  this  increase  is 

1/1.80  =  .555 

Thus,  a  .555  factor  is  precisely  an  equal  and  opposite  factor  that  would 
offset  an  80%  increase  (.555  x  1.80  =  1.00). 

Now  apply  the  35%  weighting  factor  by  using  equations  (1)  and  (2): 


t 


(1.8-1)  (.35)  +  1  *  1.28 


.7809 


The  1.28  and  .7809  are  also  equal  and  offsetting.  (1.28  X  .7809  =  1.00) 

Using  the  two  equations  discussed  above  and  the  weights  W=.35  for  year  of 
support  *  2  and  W=.10  for  year  of  support  =  3,  the  numbers  shown  in  TABLE  4 
can  be  computed.  For  example,  the  1.41  and  .90  for  requirements  review  in  the 
first  year  of  support  are  modified  to  1.14  and  .96,  respectively,  for  the 
second  year  of  support.  The  computations  are  illustrated  below: 


(1.41  -  1) ( .35)  +  1  =  1.14 
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The  rest  of  the  numbers  are  computed  in  precisely  the  same  fashion. 

Development  V&V  rating  is  assimed  to  have  no  impact  on  maintaining  the 
support  software. 

4.4.2.10  Program  Design  Rating 

The  program  design  rating  is  a  measure  of  how  well  the  program  was 
supposed  to  be  structured.  As  expected,  the  results  showed  that  as  the 
program  design  structure  improves,  maintenance  costs  would  diminish. 

This  factor  is  not  expected  to  affect  support  software  maintenance  costs. 

4.4.2.11  Program  Implementation  Rating 

This  factor  is  similiar  to  program  design  rating  except  that  it  is 
concerned  with  how  well  the  program  structure  is  actually  implemented.  The 
results  are  very  similar  to  those  of  program  design  rating. 

4.4.2.12  Initial  Docimentati  on  Rati  ng 

The  initial  docunentation  rating  is  concerned  with  how  well  the 
docunentati on  is  at  the  time  the  development  software  is  turned  over  to  the 
support  staff.  The  hypothesis  is  that  little  or  no  documentation  increases 
support  costs  and  vice  versa. 

In  addition,  SYSCON  hypothesizes  that  after  the  third  year  of  support, 
this  factor  diminishes  in  importance.  As  the  staff  reworks  the  software  over 
time  and  redocuments  the  changes,  the  initial  documentation  has  less  and  less 
of  an  impact  on  costs.  The  methodology  used  to  smooth  the  impact  of  this 
factor  for  the  second  and  third  years  of  support  is  precisely  the  same  as  that 
explained  above  for  developnent  VSV  rating. 


multiplied  by  the  weight.  (That  is,  35%  of  80%  would  be  28%).  One  is  then 
added  back  to  get  the  new  factor.  (.28+1  s  1.28). 


For  equation  (2),  one  must  work  with  the  reciprocal  to  maintain 
consistency.  The  logic  and  explanation  is  precisely  the  same.  An 
illustrative  example  is  useful. 

Suppose  the  original  factor  is  1.80.  This  represents  an  80  percent 
increase  in  costs.  A  second  factor  to  exactly  offset  this  increase  is 

1/1.80  =  .555 

Thus,  a  .555  factor  is  precisely  an  equal  and  opposite  factor  that  would 
offset  an  80%  increase  (.555  x  1.80  =  1.00). 

Now  apply  the  35%  weighting  factor  by  using  equations  (1)  and  (2): 

(1.8-1)  (.35)  +  1  *  1.28 

(1/.555  -  lH.&J-Vl  =  -7809 

The  1.28  and  .7809  are  also  equal  and  offsetting.  (1.28  X  .7809  =  1.00) 

Using  the  two  equations  discussed  above  and  the  weights  W=.35  for  year  of 
support  *  2  and  W=.10  for  year  of  support  =  3,  the  numbers  shown  in  TABLE  4 
can  be  computed.  For  example,  the  1.41  and  .90  for  requirements  review  in  the 
first  year  of  support  are  modified  to  1.14  and  .96,  respectively,  for  the 
second  year  of  support.  The  computations  are  illustrated  below: 

(1.41  -  1) ( .35)  +  1  *  1.14 

(1A»  -'lycttf  +"T  *  *96 
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For  example,  the  factors  for  requirements  review  in  the  first  year  of 
support  are  2.84  and  .65.  This  is  shown  in  TABLE  4.  These  numbers  are 
adjusted  for  the  second  year  of  support  as  follows: 

(2.84  -  1)( .35)  +  2  =1.64 

(l/.flr-  TjT^rrr =  -84 

This  factor  has  no  impact  on  support  software  maintenance  costs. 

4.4.2.13  Type  of  Aircraft 

The  type  of  aircraft  is  judged  to  affect  costs  to  a  lesser  degree  than 
originally  hypothesized.  However,  because  of  the  significantly  diminished 
costs  associated  with  cargo  aircraft,  this  factor  was  retained. 

Type  of  aircraft  does  not  affect  support  software  maintenance  costs. 

4.4.2.14  Complexity  Rating 

This  factor  is  a  general  measure  of  how  complex  the  software  and  hardware 
is.  The  rating  ranges  from  1  to  5,  with  5  being  most  complex.  The  definition 
for  each  of  the  five  levels  is  shown  in  FIGURE  6. 

The  complexity  factor  is  important  because  it  has  such  a  pronounced 
effect  on  maintenance  costs.  As  shown  in  TABLE  4,  the  difference  between  a 
complexity  rating  of  1  and  5  for  the  software  development  phase  is  a  factor  of 
seven  (3. 60/. 51  *  7.06). 

Complexity  is  assumed  to  affect  support  software  maintenance  in  tne  same 
manner  as  it  affects  the  development  phase. 
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4.4.2.15  Rate  of  Change 

The  rate  of  change  is  a  measure  of  how  difficult  it  is  to  keep  up  with 
user  requests  for  software  changes.  It  varies  from  1  to  5.  The  definitions 
are  provided  in  FIGURE  6. 

SYSCON  hypothesizes  that  the  more  stable  the  code  is,  the  lower  the 
maintenance  costs  and  vice  versa.  The  survey  results  bear  this  out. 

For  support  software,  the  cost  impact  of  this  factor  is  assumed  to  be  the 
same  as  for  the  development  phase. 

4.4.2.16  Work  Efficiency/Ski  11  Level  Mix 

The  work  efficiency/skill  level  mix  measures  the  ability  and  experience 
of  Air  Force  organic  personnel.  The  skill  level  varies  between  1  and  5,  with 
5  referring  to  the  most  experienced  staff.  See  FIGURE  6  for  the  definitions. 

This  factor  is  important  because  experience  and  familiarity  of  the  code 
can  make  a  very  large  difference  in  the  time  required  to  update  the 
software.  For  example,  a  staff  of  skill  level  mix  5  can  be  expected  to 
develop  new  code  almost  eight  times  as  fast  as  a  skill  level  1.  (3. 68/. 48  = 
7.7). 

The  original  question  in  the  Phase  II  questionnaire  asks  for  the  impact 
on  cost  (not  manhours)  for  the  various  skill  levels.  Work  efficiency/skill 
level  is  a  measure  of  time.  Thus,  the  results  from  the  survey  showing 
relative  costs  have  to  be  transferred  to  a  measure  of  time.  A  two-step 
process  is  required. 

The  first  step  is  to  establish  an  average  cost/manmonth  for  each  skill 
level.  This  applies  to  each  member  of  the  staff  and  each  member  is  assumed  to 
be  paid  the  same  amount.  The  methodology  to  accomplish  this  is  shown  in 
FIGURE  7.  The  results  from  this  analysis  are  listed  below: 


FIGURE  6 


DEFINITIONS  FOR  COfPLEXITY,  RATE  OF  CHANGE,  AND  SKILL  LEVEL 


Characteristic 

Complexity 


Range  of  Values 

1  3  Easy  to  read  code,  many  similar  applications. 

2  =  Time  required  to  gain  familiarity  with  code,  many 

similar  applications. 


3  =  Time  required  to  gain  familiarity  with  code, 

approaching  state-of-the-art. 

4  *  Extremely  diff icult-to-understand  code,  few  similar 

appl ications . 


5  *  Extremely  diff icult-to-understand  code,  unique 
application,  state-of-the-art. 


Rate  of  Change  1  3  Stable  code,  changes  required  very  infrequently, 

minimal  staffing  required. 

2  3  Infrequent  changes  required  on  a  periodic  basis, 
staffing  assigned  on  a  part-time  basis. 


3  3  Changes  required  on  a  periodic  basis,  staffing 

requirements  fairly  constant. 

4  3  Frequent  changes,  changes  require  immediate  attention, 

full-time  staff  required  plus  additional  personnel  for 
perturbations. 


5  3  Changes  required  continuously,  full-time  staff  plus 
additional  personnel  have  difficulty  keeping  up  with 
user  requirements. 


Skill  Level  Mix  1  3  Predominantly  inexperienced,  junior  personnel 

unfamiliar  with  the  software  system. 

2  *  Variety  of  personnel  with  limited  working  knowledge  of 

the  software  system. 

3  3  Typical  personnel  with  some  experience  with  the 

software  system,  mix  of  junior  and  senior  personnel. 


4  ■  Predominantly  senior  personnel  with  a  good  working 
knowledge  of  the  software  system. 


5  3  Highly  experienced  personnel  with  a  good  working 
knowledge  of  the  software  system. 
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FIGURE  7 


DERIVATION  OF  COST/MANMONTH  BY  SKILL  LEVEL 


Skill  Level 


Applied  Weighting  Factors  1/ 


Avg  Cost  Perl/ 


Mix 

bel  ow  GS  9 

GS  9 

GS  11 

GS  12 

GS  13 

Manmonth 

1 

101 

50% 

20% 

15% 

5% 

$2,785 

2 

0 

40 

30 

25 

5 

3,005 

3 

0 

15 

35 

35 

15 

3,325 

4 

0 

0 

30 

40 

30 

3,638 

5 

0 

0 

10 

40 

50 

3,922 

1/  Factors  determined  subjectively 

11  Applied  weighting  factors  are  multiplied  by  the  respective  average 
costs/manmonth  for  each  grade. 

Grade  Cost/Marmonth 


below  GS 

9 

$1,847 

GS 

9 

2,502 

GS 

11 

2,969 

GS 

12 

3,576 

GS 

13 

4,390 

50 


Skill  Level 


Cost  Manmonth 


1 

2 

3 

4 

5 


$2,785 

3,005 

3,325 

3,638 

3,922 


The  second  step  Is  to  adjust  the  averages  of  the  answers  obtained  from 
the  respondents  who  answered  the  Phase  II  questionnaire.  These  averages  are 
shown  In  TABLE  5.  Costs  can  be  converted  to  time  by  dividing  the  relative 
cost  by  the  cost  per  manmonth.  That  Is: 


relative  cost 
cost/marmonth 


relative  manmonths 


Taking  a  ratio  of  the  manmonths  for  two  skill  levels  will  then  result  in  the 
relative  differences  in  manmonths  or  time.  An  equation  can  thus  be  derived 
using  the  following  notation: 


Cx  *  Relative  Cost/Manmonth  for  Skill  Level  x  (x»I,2,...5) 

Ix  *  Relative  Cost  for  skill  Level  x 

Tx  *  Relative  Time  requi red  to  perform  the  task  for  skill  level  x 


If  skill  level  3  is  considered  the  base  from  which  all  other  skills  are 
to  be  compared,  then  Tx/T3  will  provide  a  new  index  for  time,  i.e,  work 
efficiency/ skill  level  mix. 


/ 


K 
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For  example,  take  the  first  nimher  in  TABLE  5,  2.68.  The  relative  time 
required  for  a  skill  level  1  staff  to  complete  requirements  review  is: 

jttH  '  • 0009623 

The  relative  time  required  for  a  skill  level  3  staff  to  complete  the  same  task 
i  s: 


r&K  -  -00030075 

Canparing  the  skill  level  1  staff  to  the  base  staff  results  in  the  relative 
work  efficiency: 


.0009623 

7TKRJ30075 


*  3.20 


Thus,  the  skill  level  1  staff  will  take  3.20  times  as  long  as  the  skill  level 
3  staff. 

In  general  the  derived  equation  which  provides  the  results  shown  in  TABLE 

5  Is: 

Tx  Jx/Cx 

17~  !3/C3 

Tx  Vx 

Tf  9  T7J375 

Tx  3325  T 

*3  *7 '  x 

For  support  software,  the  work  efficiency  for  software  development  is 
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4.5  Cost  Projection  Algorithm 


Tne  algorithm  designed  for  the  ASSCM  encompasses  the  Phase  I  historical 
data,  the  Phase  II  subjective  data,  and  the  work  breakdown  structure  to 
project  costs.  The  historical  data  is  used  to  derive  the  normalized  baseline 
data.  Independently,  the  subjective  data  is  used  to  derive  modification 
factors.  The  modification  factors  are  applied  to  the  baseline  data  twice: 
once  to  reflect  representati ve  characteristic  values,  and  again  to  reflect  the 
characteristics  specified  by  the  model  user.  A  schematic  illustration  of  this 
relationship  is  provided  in  FIGURE  8. 

As  shown  in  FIGURE  8,  there  are  three  major  areas  in  which  computations 
take  place.  First,  the  historical  data  is  normalized.  The  normalization 
factors  are  applied  to  the  historical  data  to  remove  outside,  exogenous 
factors  to  the  extent  possible.  Secondly,  the  historic  characteristics  which 
describe  the  software  are  changed  to  reflect  a  more  typical  system.  To 
accomplish  this,  the  modification  factors  are  applied  to  the  normalized 
baseline  data  to  obtain  the  representati ve  baseline  data.  Finally,  the 
representative  characteristics  are  changed  again,  according  to  the  values 
selected  by  the  model  user.  Applying  the  modification  factors  again,  this 
time  to  tne  representative  baseline  data,  results  in  the  final  cost 
projections  being  sought  by  tne  user.  See  FIGURE  9  for  a  schematic  view  of 
the  relationship  among  data  bases. 

A  discussion  of  how  each  of  the  three  data  bases  is  derived  follows. 

4.5.1  Normal ization 

From  the  historic  data  collected,  seven  systems  were  chosen  to  comprise 
the  baseline  data.  Each  represents  a  different  application  of  either 
operational  flight  program  (OFP)  software,  airborne  communications/ 


■■  ' 


FIGURE  9 


PROPOSED  SYSTEM  COSTS  &  CHARACTERISTICS 


electronics  (CE)  software,  or  airborne  electronic  warfare  (EW)  software.  The 
actual  systems  and  tneir  applications  are  listed  below: 


System 

Type 

Application 

F-16  FCC 

OFP 

Fire  Control 

F -111 F 

OFP 

Navigation,  Weapon  Delivery 

A-7 

OFP 

Navigation,  Weapon  Delivery,  Fire  Control 

APR-38 

EM 

Integrated  System 

ALQ-131 

EW 

Jammer 

ALR-62 

EW 

Receiver 

E-3A 

CE 

Command  and  Control 

The  first  step 

in  the  algorithm  is  to  normalize  the  historical  data  from 

these  systems.  Using  the  normalization  factors  discussed  in  sections  4. 4. 1.1 
through  4.4.1.18,  the  annual  cost  for  the  most  recent  block  change  of  each 
system  is  recreated.  A  computer  printout  for  the  seven  systems  illustrating 
these  costs  is  provided  in  APPENDIX  H.  The  historic  characteristics  which 
these  costs  reflect  are  shown  in  TABLE  6. 

4.5.2  Representative  Baseline 

Tne  representati ve  baseline  data  is  generated  to  allow  the  cost 
projections  to  start  with  a  data  base  that  is  more  reflective  of  a  future 
system  than,  perhaps,  the  one  system  for  which  data  happened  to  be 
available.  This  will  enable  the  model  to  more  easily  handle  a  wide  range  of 
characteristic  values,  while  reducing  the  risk  of  error  caused  by  estimating 
the  cost  Impact  of  changing  a  characteristic  value  from  one  extreme  to 


another. 


TABLE  6 

CHARACTERISTICS  OF  THE  HISTORICAL  BASELINE  SYSTEMS 


The  characteristics  of  a  typical  system  for  each  of  the  seven  baseline 
applications  were  generated  from  the  Phase  II  questionnaire.  There,  each 
respondent  was  asked  to  provide  his  judgment  as  to  the  representative  value 
for  each  of  the  sixteen  characteristics .  After  tabulating  the  results,  SYSCON 
selected  values  from  the  available  information  to  describe  the  hypothetical 
representati ve  systems.  The  values  chosen  are  shown  in  TABLE  7. 

Using  these  characteristic  values,  the  algorithm  applies  the  modification 
factors  to  the  historic  baseline  cost  data.  Representative  cost  projections 
are  obtained  by  using  the  following  equation: 

Rx  ■  5r.VPx  (H)  .  Px  (L) 

where  Rx  *  Representative  baseline  annual  direct  labor  cost  for  phase  x 
(x  =  1,  2,  3,  . 8) 

SR  *  Cost/Manmonth  for  the  skill  level  of  the  representative 
system. 

Mx  *  Initial  baseline  annual  manmontns  required  for  phase  x 

PX(H)=  Function  of  modification  factors  whose  overall  effect  is  to 
increase  costs  for  phase  x 

PX(L)=  Function  of  modification  factors  whose  overall  effect  is  to 
decrease  costs  for  phase  x 

As  shown  by  the  equation  above,  the  representative  costs  are  computed 
independently  for  each  phase  (requirements  review  (x*l),  design  (x*2), 
development  (x=3),  integration  ( x *4 ) ,  T&E  (x»5),  documentation  (x=6), 
reproduction/installation  (x=7),  and  support  software  (x*8)).  The  algorithm 
starts  with  the  historic  manmonths  (Mx),  modifies  this  figure  based  on  the 
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TABLE  7 

CHARACTERISTICS  OF  THE  REPRESENTATIVE  SYSTEMS 


LOCATION  OF  CONTRACTOR 


cumulative  change  in  the  characteristic  values  (PX(H)  and  PX(L)),  and  finally 
converts  manmonths  to  dollars.  This  is  accomplished  by  multiplying  by  the 
cost  per  manmonth  for  the  representative  skill  level  (SR).  Another  way  of 
viewing  these  computations  is  illustrated  in  FIGURE  10. 

The  historic  manmonths  are  provided  by  APPENDIX  H;  they  are  also  repeated 
in  TABLE  8  for  the  reader's  convenience.  The  possible  values  for  $R  are 
provided  on  page  51  above.  Px ( L)  and  PX(H),  however,  require  further 
explanation. 

The  functions  Px ( L)  and  PX(H)  are  derived  from  the  modification 
factors.  They  are  used  to  quantify  the  impact  on  manmonths  directly  caused  by 
a  change  in  one  or  more  system  characteristics.  These  changes  are  measured  in 
relative  rather  than  absolute  terms.  Thus,  the  modification  factors  are 
always  a  ratio  of  computations  which  result  in  the  relative  impact  on 
manmonths  of  changing  a  characteristic  from  one  value  to  another. 

For  example,  if  the  language  is  FORTRAN  for  the  historic  system  and  a 
structured  higher  order  language  for  the  representative  system,  then  the 
separate  impact  on  manmonths  for  program  development  is  computed  as  follows: 

.62/. 67  =  .925 

The  numbers  .62  and  .67  are  taken  right  out  of  TABLE  4  under  language. 
Manmonths  would  be  expected  to  decrease  by  7.5%,  Thus,  the  ratio  of 
modification  factors  for  any  given  characteristic  is  the  relative  impact  on 
manmonths  from  changing  the  value  of  that  characteristic  from  the  historical 
value  to  the  representative  value. 

PX(H)  accounts  for  the  combined  effect  of  those  factors  which  increase 
costs.  PX(L)  accounts  for  those  which  decrease  costs.  The  derivation  of 
PX(H)  and  PX(L)  is  explained  in  the  following  paragraphs. 
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TABLE  8 

SUMMARY  OF  MANMONTHS  BY  LABOR  CATEGORY  FOR  EACH  APPLICATION  TYPE 

(HISTORICAL  DATA) 
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Assune  that  x  is  defined  to  be  the  relative  Impact  on  manmonths  In 
phase  x  caused  by  modifying  system  characteristic  i.  (1  refers  to  any  of  the 
sixteen  modification  factors.  See  TABLES  3  and  4  above.)  F^x  is  the  ratio 
of  the  modification  function's  value  after  the  change,  divided  by  the 
modification  function's  value  before  tne  change.  Written  algebraically. 


Fi,x  B  *i,x^i,x 

where  A^  x  *  The  value  of  each  modification  factor  i  for  phase  x  using  the 
characteristic  value  of  the  representati ve  system 
Bi  -  -  The  value  for  each  modification  factor  i  for  phase  x  using  the 

1  ,  A 

characteristic  value  of  the  historic  system. 


For  example,  if  lines  of  code  is  30K  for  the  representative  system  and  24K  for 
the  historical  system,  the  ratio  of  the  modification  factors  for  the  first  two 
phases  (requirements  reviews  and  design)  is: 


Fl,l 


.0255  (30)  +  .587 

.0255  (24)  +  .587 


1.128 


F 


1.2 


.239  (  30) 
.239  (24) 


.539 


753? 


*  1.128 


Note  that  the  equations  above  are  from  TABLE  3  under  lines  of  code.  Thus 
there  are  16  modification  factor  ratios  computed,  one  for  each  characteristi c, 
for  each  of  the  8  phases.  The  resulting  matrix  follows. 
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Requirements  Review 

Design  Rating 

Development  Rating 

Support  Software 

Lines  of  Code 

!fu 

Fl,2 

F1.3 

•  •  • 

Fl,8 

%  Memory  Fill 

iF2,l 

F2,2 

F2,3 

F2,8 

%  Timing  Fill 

F3,l 

F3,2 

F3, 3 

•  •  • 

F3,8 

Work  Efficiency 

F16,l 

F16,2 

F16, 3 

•  •  • 

•  •  • 

•  • 

•  • 

•  • 

F1 6 ,8 

Once  these  ratios  are  computed  they  are  positioned  according  to  ascending 
order  within  each  phase.  If  j  represents  the  position  number  (j  ■  1,  2,  3  ... 
16),  then  a  new  vector  j  will  be  formed  for  each  phase  x.  This  is 
illustrated  below: 

F1,x,l  F1,x,2  F1,x,3  Fi,x,16 


65 


For  example,  suppose  all  of  the  modification  factor  ratios  for  requirements 
review  are  computed.  The  vector  would  be  rearranged  in  ascending  order.  This 
is  illustrated  below. 


Computed  Modification  Rearranged  Modification 


Characteristic 

Factor  Ratios 

_i_ 

Factor  Ratios 

.  1 

1 

Lines  of  Code 

1.536 

15 

.716 

1 

2 

%  Memory  Fill 

1.000 

8 

.781 

2 

3 

%  Timing  Fill 

.976 

9 

.816 

3 

4 

%  Work  Contractor 

1.237 

16 

.875 

4 

5 

Year  of  Support 

.901 

5 

.901 

5 

6 

No.  Fielded  Systems 

.978 

12 

.910 

6 

7 

Change  Efficiency 

1.372 

3 

.976 

7 

8 

Language 

.781 

6 

.978 

8 

9 

Oev  V&V  Rating 

.816 

13 

.996 

9 

10 

Program  Design  Rating 

1.213 

2 

1.000 

10 

11 

Implementation  Rating 

1.210 

.11 

1.210 

11 

12 

Init  Documentation 

.910 

10 

1.213 

12 

13 

Type  of  Aircraft 

.996 

4 

1.237 

13 

14 

Complexity 

2.138 

7 

1.372 

14 

15 

Rate  of  Change 

.716 

1 

1.536 

15 

16 

Work  Efficiency 

.875 

14 

2.138 

16 
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The  functions  Px ( H)  and  Px ( L)  can  now  be  computed  from  tne  resulting 
vector.  Tne  formulas  for  PX(H)  and  Px ( L )  are  shown  below: 


w  ■  Ji<<Fi,x.r  +  1) 


(3) 


Px(D 


1 _ 

(P-  -  l)(w,)  +  1 

hi,xJ  J 


(4) 


In  tne  two  equations  above,  Wj  is  a  vector  representing  various  weights 
applied  to  tne  separate  impacts  of  each  characteristic.  Since  the  independent 
impacts  of  each  of  the  16  system  characteristics  can  be  expected  to  interact 
with  one  another,  an  additional  smoothing  algorithm  is  necessary.  This 
additional  smoothing  algorithm  reduces  the  compounding  effect  of  two  or  more 
factors  wnich  affect  costs  in  the  same  direction. 

It  should  be  noted  that  the  effect  of  incorporating  the  weighting  factors 
materially  affects  cost  projections  only  under  certain  conditions.  When  two 
or  more  characteristic  values  change  such  that  the  separate  cost  impacts  are 
considerable  and  in  the  same  direction,  the  weighting  factors  will  tend  to 
reduce  the  overall  impact  on  the  cost  projections.  In  other  words,  the 
combined  effect  of  changing  characteristic  values  will  be  less  than  if  the 
individual  effects  are  treated  separately  and  simply  added  to  one  another. 

The  values  for  W  are  determined  judgmental ly  based  on  actual  data  and 
expert  intuition.  The  actual  values  are  shown  below: 
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i 

1 

2 


1.0 


.667 


3 

4 

5 

6 

7 

8 


.50 

.40 

.30 

.20 

.10 

.05 


S  and  T  in  Equations  (3)  and  (4),  respectively,  are  values  of  j.  S 
represents  the  number  of  modification  factor  ratios  that  is  greater  than  unity 
and  is  constrained  to  be  8  or  less.  T  is  the  number  of  ratios  less  than  unity 
and  is  also  constrained  to  be  8  or  less.  Thus,  if  more  than  eight 
modification  factors  tend  to  change  costs  in  the  same  direction,  only  the 
eight  with  the  greatest  individual  impacts  will  be  included  in  the 
computations.  The  others  will  be  ignored. 

To  illustrate,  the  computations  of  Px ( L)  and  PX(H)  are  shown  below  for 
the  example  previously  begun. 

PX(H)  *  2.138  •  ( (1.536-1) (.667)1-1)  •  ( (1 .372-1) ( .50)+l)  •  ( (1.237-1) ( .40)+l) 

•  ( (1.213-1) ( .30)-l)  .  ( (1 .210-1) ( . 20 ) -1 ) 

PX(H)  -  4.1777 


68 


PlU) 


8 

n 


1 


j  *  Mg-1-  -  l)  (tO  +  1 


Pi(L)  =  .716 


— T - 1 -  •  — j - i - 

(  '7gj —  1)  (.667)  +  l  (“5TB-  “  ^  (*50)  + 


T^~ 

(T57T 


r 


1 


-  1)  (.40)  +  1  -  1)  (.30)  +  1 


1 


(TW 


-  1)(.20)  +  1) 


(7S7r-i)(*i0)+1  hSt  -  1) (.05)  +  1 


PX(L)  =  .4855 

Thus,  in  this  example  the  overall  impact  on  requirements  review  manmonths 
caused  by  changes  in  characteristic  values  between  the  representative  and 
historical  system  is: 

PlU)  •  PX(H)  =  .4855  •  4.1777 
Pl(L)  •  Px( H)  =  2.0283 

That  is,  due  to  changes  in  the  characteristics  between  the  historical  and 
representati ve  systems,  the  number  of  manmonths  required  for  requirements 
review  can  be  expected  to  be  more  than  double  in  this  example. 
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Once  the  direct  labor  costs  are  estimated,  indirect  labor,  direct  support 
equipment,  and  general  support  equipment  costs  can  be  estimated.  This  is 
accomplished  by  applying  the  normal ization  factors  and  the  relationships  shown 
in  FIGURE  11.  APPENDIX  I  provides  the  specific  computations. 

A  representative  baseline  is  derived  from  each  of  the  seven  historical 
baselines.  The  computations  are  based  on  the  changes  in  characteristic  values 
between  the  representative  and  historical  systems,  using  the  modification 
factors  and  the  algorithm  described  above.  The  results  from  this  analysis  are 
provided  in  APPENDIX  J.  The  representative  characteristics  which  these  costs 
reflect  are  shown  above  in  TABLE  7. 


4.5.3  Cost  Projections 

Once  the  representative  baseline  systems  are  derived,  the  model  is  ready 
to  project  cost  estimates  given  a  new  set  of  characteristics.  This  set  is  to 
be  offered  by  the  individual  desiring  to  estimate  future  costs  for  various 
possible  system  configurations.  With  this  information,  the  user  will  be  able 
to  reliably  compare  the  costs  for  the  many,  configuration  options  which  exist 
during  the  conceptual  phase. 

The  key  to  this  portion  of  the  algorithm  is  the  set  of  new  characteristic 
values.  As  these  values  are  altered  from  the  representati ve  values,  the 
modification  factors  will  be  used  in  precisely  the  same  way  as  before.  Only 
this  time,  the  representative  system  characteristics  and  costs  will  be  the 
starting  point.  Applying  the  modifications  as  before,  direct  labor  costs  are 
estimated  by  using  the  following  formula: 


FIGURE  11 

ESTIMATION  OF  OTHER  COST  SEGMENTS 


MAINTENANCE  =  F  (HARDWARE  COST) 


where  L  *  Annual  total  direct  labor  cost  for  the  system  specified 

by  the  operator 

Rx  =  Annual  direct  labor  cost  for  phase  x  for  the 
representative  system 

Sp  =  Cost/manmomth  for  the  derived  skill  level  of  the 
proposed  system 

SR  =  Cost/manmonth  for  the  skill  level  of  the  representative 
system 

PX(H)  =  Function  of  modification  factors  whose  overall  effect  is 
to  increase  costs  for  phase  x 

PX(L)  =  Function  of  modification  factors  whose  overall  effect  is 
to  decrease  costs  for  phase  x 

Another  way  of  viewing  this  equation  is  provided  in  FIGURE  12.  In  this 
equation,  the  functions  Px ( H )  and  Px( L )  are  computed  the  same  way  as  for  the 
representati ve  baseline  costs,  except  that  the  modification  factors  are 
applied  to  the  representative  costs  rather  than  the  historical  costs.  In  the 
equation,  RX/SR  is  the  number  of  representative  manmontns.  Thus,  multiplying 
by  PX(H)  and  Px(l)  results  in  the  number  of  manmonths  required  for  the 
proposed  system.  Multipying  again  by  Sp  converts  the  numbers  of  manmonths  to 
a  cost  figure. 

If  is  assumed  as  before  that  Fi>x  is  defined  to  be  the  relative  impact  on 
manmonths  in  phase  x  caused  by  modifying  system  characteristic  i,  then  F^x  is 
computed  as  follows: 


where 


C.j  x  =  The  value  for  each  modification  factor  i  for  phase  x 
using  the  characteristics  of  the  proposed  system. 

A.j  x  =  The  value  for  each  modification  factor  i  for  phase  x 

using  the  characteristics  of  the  representative  system. 
Substituting  x  for  x  and  A^  x  for  x,  PX(H)  and  PX(L)  are  computed  in 
precisely  the  same  fashion  as  described  in  the  previous  section. 

Finally,  the  labor  costs  are  computed  for  each  of  the  eight  work  phases 
and  summed.  The  total,  L  in  the  equation,  represents  the  total  annual  cost 
for  direct  labor.  In  order  to  breakdown  this  total  into  the  eight  phases, 
SYSCON  determined  that  a  general  methodology  would  be  superior  to  simply 
accepting  the  previously  computed  subtotals.  The  reason  for  this  is  twofold; 
first,  the  historical  breakdown  of  labor  costs  by  phase  from  which  the 
projections  are  based  may  not  be  representative  of  a  typical  system.  Second, 
because  of  the  purpose  for  which  the  ASSCM  is  designed,  a  general  breakout  of 
labor  costs  is  superior.  This  allows  the  cost  for  two  or  more  proposed 
systems  to  be  more  consistently  compared.  . 

As  a  result,  SYSCON  chose  percentages  which,  when  applied  to  the  labor 
cost  total,  could  be  used  to  estimate  the  labor  cost  by  phase.  These 
percentages  are  derived  from  the  historical  data  available  and  are  deemed  most 
reasonable  for  all  system  types.  See  TABLE  9.  The  derivation  of  these 
figures  is  shown  in  APPENDIX  K.  Thus,  to  estimate  the  costs  by  phase,  the 
percentages  are  simply  multiplied  by  the  projected  direct  labor  cost  total. 

For  other  cost  elements  within  the  WBS,  the  normalization  factors  are 
applied  in  the  same  fashion  as  for  the  representative  system.  See  FIGURE  10 
above  and  APPENDIX  I  for  the  methodology. 
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TABLE  9 

ALLOCATION  FACTORS 


SUPPORT  SOFTWARE 


5  COMPUTERIZATION 


The  computer! zation  phase  first  involved  reviewing  the  available  software 
and  hardware  of  the  systems  on  which  the  ASSCM  would  be  installed.  This  was 
done  to  determine  if  there  were  any  constraints  that  could  impact  the 
program's  design  specifications.  Initial  development  of  the  program  was  done 
on  SYSCON's  HP-3000,  and  this  also  was  taken  into  consideration.  Using  the 
results  of  the  review,  a  method  of  automating  the  model  algorithm  was 
developed  that  would  satisfy  these  requi rements.  This  section  addresses  the 
computerization  procedures  taken  to  design  and  develop  the  ASSCM  computer 
program.  For  a  more  detailed  discussion  of  the  computer  program,  see  the 
Computer  Program  Producti on  Specification  (Applicabl  e  Docunent  No.  12). 

5. 1  Desi gn 

The  purpose  of  the  design  phase  is  to  develop  a  modular  approach  in 
transferring  the  model  algorithm  into  a  computer  program.  A  three  step 
process  is  used  as  a  basis  for  deriving  this  modularity. 


From  this  point  the  various  processes  are  further  broken  down  into 
specific  subroutines.  Each  subroutine  is  defined  on  the  basis  of  the  task  it 
is  designed  to  perform.  This  results  in  eleven  specific  subroutines  which  are 
illustrated  in  FIGURE  13. 

5.1.1  Model  Executive  (MODEXEC) 

The  model  executive  is  the  first  and  last  subroutine  executed  and 
provides  overall  control  for  the  program.  Its  main  function  is  to  access  each 
of  the  other  10  subroutines  to  perform  its  task. 
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5.1.2  Instruction  Subroutine  ( INSTRT) 


The  instruction  subroutine  allows  the  operator  the  option  of  viewing  tne 
instructions.  If  be  chooses  to  do  so,  a  file  containing  the  instructions  on 
the  model  and  its  use  is  printed  out  to  the  user's  terminal. 

5.1.3  Account  Management  Subroutine  (MANAGE) 

The  account  management  subroutine  provides  the  user  with  the  opportunity 
to  create  a  personal  account  by  supplying  his  own  password.  This  allows  the 
user  to  create  and  save  his  own  input  files  within  this  account.  Only  by 
providing  this  password  at  the  beginning  of  a  session  can  these  files  be 
recalled  and/or  deleted  during  a  future  run. 

5.1.4  Initialization  Subroutine  ( IN  I T) 

This  subroutine  allows  the  user  to  choose  one  of  the  seven  baseline 
systems  for  which  costs  are  to  be  projected.  The  external  files  containing 
the  appropriate  historical  data  are  read  in  and  all  necessary  variables  are 
initialized  based  on  the  system  chosen. 

5.1.5  User  Option  Subroutine  (OPTION) 

The  user  option  subroutine  allows  tne  user  to  supply  interactively  three 
types  of  information.  The  user  may: 

•  input  the  appropriate  information  tnat  describes  the  proposed  embedded 
computer  system  software  for  which  software  maintenance  costs  are  to 
be  projected 

e  view  and/or  modify  any  of  the  normalization  factors 

•  choose  the  desired  output  format  for  the  ensuing  cost  projection. 


5.1.6  Database  Ret ri  eval  Subroutine  (BASLIN) 

This  subroutine  reads  In  the  data  for  the  historic  direct  labor  manaonths 
from  an  external  file  and  Initializes  the  appropriate  variables  according  to 
the  system  chosen  In  the  Initialization  subroutine. 

5.1.7  Normal  Izatl on  Subroutine  (NORMAL) 

The  normalization  subroutine  derives  all  costs  for  the  historical  system 
using  the  historic  direct  labor  manmonths  and  the  normalization  factors.  This 
results  In  the  historic  baseline  data  for  the  type  of  system  and  application 
chosen  by  the  user. 

5.1.8  Adjustments  Subrouti ne  (ADJUST) 

This  subroutine  substitutes  the  characteric  values  of  the  historical  and 
repesentatl ve  systems  into  the  modification  factors.  The  modification  ratios 
are  then  computed  and  applied  to  the  historic  direct  labor  manmonths  by  phase 
to  derive  the  representatl ve  baseline  direct  labor  manmonths  by  phase. 

Lastly,  all  other  costs  for  the  representatl  ve  system  are  derived  using  the 
direct  labor  manmonths  and  the  normalization  factors. 

5.1.9  Direct  Labor  Cost  Subrouti  ne  (DLCOST) 

The  direct  labor  cost  subroutine  substitutes  the  characteristic  values  of 
the  representatl  ve  and  proposed  systems  Into  the  modification  factors.  This 
second  set  of  modification  ratios  is  computed  and  applied  to  the 

representative  direct  labor  manmonths  by  phase  and  sunmed  to  derive  a  total 

«* 

direct  labor  cost  for  the  proposed  system. 


5.1.10  Cost  Allocation  Subroutine  (ALOCAT) 

This  subroutine  utilizes  the  total  annual  direct  labor  cost  projection 
and  cost  allocation  factors  to  determine  a  breakdown  of  the  direct  labor  costs 
by  phase.  In  addition,  this  subroutine  derives  all  other  cost  elements 
associated  with  maintaining  the  software. 

5.1.11  Write  Out  Subroutine  (WROUT) 

This  subroutine  outputs  to  the  user  the  cost  breakdown  for  the  proposed 
system  according  to  the  output  formats  selected  previously  by  the  user. 

5. 2  Devel  opnent 

The  ASSCM  computer  program  was  developed  over  a  period  of  seven  months  on 
SYSCON's  HP-3000  and  VAX  11/780.  The  program  is  written  in  ANSI  Standard 
FORTRAN  for  interactive  use  on  the  ASD  Cyber  175  and  the  Avionics  Laboratory 
VAX  11/780.  Two  separate  programs  exist  with  the  only  differences  being  the 
result  of  peculiarities  present  within  the  respective  machines. 

5.2.1  Coding 

The  ASSCM  is  developed  in  accordance  with  the  requirements  specified  in 
the  Software  Design  Specification  (See  Applicable  Docunent  No.  7).  A 
hierarchical  structure  is  used  to  provide  a  cohesive  software  system  which 
facilitates  easy  expansion  and  modification  of  the  model.  This  also  provides 
for  portability  of  the  implemented  software  between  the  VAX  11/780  and  the 
Cyber  175  computer  systems.  The  coding  of  the  eleven  subroutines  and  six 
files  was  done  In  four  separate  stages,  each  with  a  well-defined  objective. 

See  TABLE  10  for  a  suimary  of  these  four  stages. 


TABLE  10 
CODING  STAGES 
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NOTE:  QUOTES  INDICATE  EXTERNAL  FILES 


5.2.2  Integration  and  Testing 

As  each  stage  of  coding  was  completed,  top-down  integrated  testing  was 
performed  to  ensure  conformity  with  the  Software  Design  Specification  and  to 
demonstrate  the  completion  of  development  milestones.  There  were  four  such 
stages,  each  successfully  completed  to  insure  that  the  model  executed 
properly. 

The  first  stage  of  integration  consisted  of  creating  an  external  data 
base  for  the  four  permanent  data  files.  These  files  contain  the  historical 
characteristics,  representative  characteristics,  the  normalization  factors, 
and  the  historic  direct  labor  manmonths  by  phase.  The  objective  of  this  first 
stage  was  to  read  in  the  files  and  correctly  compute  the  historical  baseline 
of  costs  for  each  of  the  seven  systems. 

Like  the  first  stage,  the  second  stage  did  not  require  any  user  input. 

The  objective  of  this  stage  was  to  derive  the  representative  baseline  data  by 
applying  the  modification  factors  to  the  historical  baseline.  All 
computations  performed  by  the  model  were  done  externally  to  check  for 
accuracy. 

Stage  three  utilized  information  provided  by  the  user.  Using  the 
characteristic  values  of  a  proposed  system  configuration,  the  model  computed 
all  the  projected  costs.  This  is  accomplished  by  applying  modification 
factors  to  the  representative  baseline  data.  The  objective  here  was  to 
confirm  that  all  of  the  cost  information  derived  was  an  accurate  reflection  of 
the  user-inputted  characteristics.  The  results  were  also  compared  to 
computations  performed  outside  the  model. 

The  fourth  stage  did  not  involve  data  manipulation  of  any  kind.  The  user 
interface  was  refined  by  adding  a  subroutine  to  print  instructions  from  an 
external  file.  In  addition,  another  subroutine  was  incorporated  into  the 
model  to  allow  the  user  to  create,  save,  and  delete  his  own  input  files. 


6  VALIDATION 


6.1  Summary 

The  development  of  a  cost  estimating  model  cannot  be  successfully 
concluded  unless  there  is  some  way  to  test  how  good  and  how  reliable  the 
estimates  are.  Therefore,  it  is  necessary  to  evaluate  the  resulting  cost 
projections  to  make  sure  that  they  are  not  only  plausible,  but  reasonable  as 
well.  Moreover,  cost  projections  must  be  consistent  with  the  known  facts  as 
well  as  with  common  sense. 

6.2  Methodology 

The  validation  procedure  requires  data  from  existing  systems  that  were 
not  used  in  the  development  of  the  ASSCM  cost  estimating  algorithm.  This  is 
necessary  to  insure  that  the  cost  projections  are  derived  independently  from 
the  existing  data  to  which  the  projections  are  to  be  compared.  To  accomplish 
this,  STS CON  conducted  an  exhaustive  search  to  complete  its  data  base  as  best 
it  could.  This  resulted  in  complete  cost  and  characteristic  information  for 
two  systems  and  incomplete  cost  information  for  an  additional  system.  These 
are  listed  below: 


System 

1X21 

Appl icat ion 

Cost  Data 

Characteristic  Data 

ALQ-155 

EW 

Integrated  System 

Complete 

Complete 

FB-111A 

OFP 

Navigation,  weapon  Delivery 

Complete 

Complete 

ALR-69 

EW 

Receiver 

Incomplete 

Complete 

In 

order  to 

facilitate  the  validation  of 

the  ASSCM  it 

is  necessary  to 

compare  actual  costs  with  those  projected  by  the  model.  To  accomplish  this, 
SYSCON  inputted  the  descriptive  characteristics  for  the  three  systems  listed 


above  and  allowed  the  model  to  project  the  annual  software  maintenance  costs 
for  fiscal  year  1981.  If  the  discrepancies  between  the  actual  and  estimated 
costs  are  small  or  can  be  reasonably  explained,  then  one  can  conclude  that  the 
model  is  valid. 

By  making  these  comparisons,  SYSCON  obtained  encouraging  results.  A 
segment  by  segnent  comparison  indicated  few  major  di  sere  pan  cies.  Where 
siyiificant  discrepancies  did  exist,  plausible  explanations  concerning  the 
historic  data  were  readily  apparent. 

6.3  Val  idatl  on  Resul  ts 

A  sunmary  of  the  model’s  projections  versus  the  actual  costs  is  shown 
below  for  the  major  cost  segments. 


System 

Predicted  Cost 

Total  labor  Support 

l||||iE2j23 

Dev latlon 
Support 

ALQ-155 

1.862,302 

200,509  1,661.793 

2,012,825 

197,228 

1,865,597 

*8.1 

-26.6 

*12.3 

rs-im 

8,870,723 

280,968  8,589,755 

9, 109,983 

368,501 

8,736,982 

*2.6 

*31.2 

*1.7 

/U.R-69 

7 

7  2, 75#, 286 

2,686,117 

313.268 

2.372,899 

7 

7 

♦  16.1 

As  discussed  in  the  Validation  Report  (Applicable  Document  No.  13),  all  of  the 
major  differences  between  actual  and  estimated  costs  are  explained.  These 
explanations  are  junmarized  in  FIGURE  14. 

It  should  be  pointed  out  that  two  Important  changes  were  incorporated 
Into  two  modification  factors  and  one  normalization  factor  directly  as  a 
result  of  the  validation  comparisons.  That  is,  the  validation  process 
uncovered  previous  errors  that  became  readily  apparent  only  after  a  comparison 
of  the  actual  and  projected  costs  was  made.  This  led  to  the  reduction  of 
impact  on  costs  for  low  percentages  of  percent  memory  fill  and  percent  timing 


FIGURE  14 


REASONS  FOR  MW  OR 
DISCREPANCIES  BETWEEN  HISTORIC  AND 
PROJECTED  COSTS 


System  Cost  Segment 

ALQ-155  Direct  Labor 

(Support  Software) 


Support  Equi pent 
(Test  Aircraft/Time ) 

FB-1I1A  Direct  Labor 

(Developent,  Integration) 


Support  Equi  pent 
(Test  Aircraft/Time) 


ALR-69  Support  Equi  pent 

(Test  Aircraft/Time) 


Support  Equi  pen' 
(Reproduction) 


Exp!  anatl  on 

Actual  costs  exhibited  an  abnormally 
high  proportion  of  time  to  maintain  the 
support  software  In  this  second  block 
change 

No  actual  costs  were  expended  for  this 
cost  segnent.  This  Is  highly  Irregular 

Model  may  overstate  costs  when 
percentage  of  work  performed  by 
contractors  Is  high;  implementation 
structure  rating  may  be  in  error 

Actual  costs  appear  to  be  low  when 
compared  to  costs  experienced  during 
previous  block  changes 

Estimate  is  computed  directly  from  the 
direct  labor  TAE  estimate  which  was 
high.  Estimates  assune  all  work 
performed  organically  when  at  least  two 
phases  of  work  were  performed  by 
contractors.  Model  is  not  designed  to 
handle  this  situation 

Actual  work  was  performed  by 
contractors.  Model  is  not  designed  to 
handle  this  situation. 
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fill  (See  footnote  1  in  TA8LE  3)  and  the  addition  of  a  time-dependent  K  for 
the  PROM's  medium  factor  (see  footnote  1  in  TABLE  1-0). 

In  sunroary,  SYSCON  concludes  that  to  the  extent  possible,  the  ASSCM  has 
shown  that  it  provides  reasonable,  accurate  cost  projections  for  existing 
systems.  Part  of  this  success  is  due  to  the  support  costs  being  known. 

Ouring  tne  conceptual  phase,  where  these  costs  are  not  known  the  model  may  not 
be  expected  to  be  as  accurate.  SYSCON  believes  though,  and  has  demonstrated, 
that  the  ASSCM  can  be  used  with  confidence  to  project  and  support  cost 
estimates  for  maintaining  the  software  on  proposed  avionics  systems  in  the 
future. 
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7  INSTALLATION  AND  TRAINING 

7.1  Install  ati  on 

The  ASSCM  computer  program  was  successfully  Installed  on  the  VAX  11/780 
at  Wright-Patterson  A1  r  Force  Base.  This  task  was  simplified  since  final 
development  of  the  model  was  completed  on  SYSCON's  YAX  11/780.  Once  the 
program  was  compiled  and  executing  correctly  on  the  VAX,  a  separate  tape  was 
made  for  installation  on  the  ASD  Cyber  175.  Once  installed,  some 
modifications  were  made  to  the  program  source  code  to  allow  the  ASSCM  to  be 
compiled  and  executed  correctly  on  the  Cyber  175  system.  Thus,  one  version  is 
currently  being  maintained  for  both  of  the  Air  Force's  systems.  For  a  sunmary 
of  the  differences  between  the  two  versions,  refer  to  the  Computer  Program 
Product  Specification.  (Applicabl  e  Docunent  No.  12) 

7.2  Training 

A  one- day  training  course  was  given  at  Wri ght-Patterson  Air  Force  Base 
for  all  necessary  Ai r  Force  and  DOD  personnel.  At  that  time  an  oral 
presentation  was  given  and  the  trai ni ng  materi al s  and  User's  Manual  were 
delivered.  The  training  course  covered  model  description,  user  interface, 
model  algorithm,  and  internal  computations  performed  by  the  ASSCM  computer 
program. 
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8  FUTURE  CONSIDERATIONS 


This  section  details  four  areas  where  SYS  CON  feels  that  additional  effort 
may  be  expended  by  the  Air  Force  to  expand  or  enhance  the  capabilities  of  the 
ASSCM.  The  four  suggested  areas  are  listed  below. 

•  Development  of  Data  Collection  Techniques 

•  Collection  of  Additional  Data 

•  Addition  of  New  Systems  and  System  Applications  to  the  Model 

•  Modification  of  the  Model  To  Support  Other  Requirements 

The  first  two  areas  deal  with  the  collection  of  cost  data  to  support  the 
model.  The  last  two  are  concerned  with  adding  capabilities  to  the  model  to 
support  additional  Ai r  Force  requirements.  Each  of  these  areas  are  discussed 
in  the  following  paragraphs. 

8.1  Development  of  Data  Collection  Techniques 

The  first  year  of  the  ASSCM  devel opent  effort  centered  around  the  design 
of  the  ASSCM  algorithm  and  the  collection  of  cost  data  from  the  ALC's  to 
support  the  algorithm.  It  was  determined  duri ng  the  initial  data  collection 
•  trip  that  little  data  was  available.  When  data  was  available,  it  was 

[;  frequently  poorly  organized  and  not  readily  useable.  (See  APPENDIX  A.) 

!  SYSCON  suggests  that  the  Air  Force  support  an  effort  to  develop  a  cost 

and  tracki ng  methodol ogy  which  may  be  applied  across  all  ALC's.  This 
methodology  must  Include  but  not  be  limited  to: 

•  Identification  of  all  data  to  be  collected 
t  identification  of  sources  for  this  data 

•  providing  standard  reporting  and  data  collection  forms 

•  identification  of  filing  requirements 

•  identification  of  audit  requirements  to  insure  timely  and  accurate 


data  collection. 


This  methodology  is  just  a  first  step  to  insure  pertinent,  reliable,  and 
accurate  information  for  future  model  developments  and  accurate  cost 
tracking.  The  time  spent  by  the  ALC  personnel  to  collect,  correlate  and 
report  this  data  will  be  more  than  offset  by  their  increased  visibility  into 
the  costs  associated  with  the  software  support  area. 

8.2  Collection  of  Additional  Data 

The  model  developed  and  implemented  by  SYSCON  is  a  viable  means  to 
estimate  costs  associated  with  avionics  software  support.  As  with  any  model, 
however,  the  accuracy  of  the  model  is  only  as  good  as  the  data  which  supports 
the  model.  SYSCON  has  endeavored  to  make  the  model  flexible  and 
maintainable.  To  meet  this  end,  all  cost  data  used  to  support  the  model  can 
be  easily  updated  to  allow  for  the  use  of  newer,  more  accurate  cost 
information. 

SYSCON  feels  that  the  Air  Force  should  review  the  costs  associated  with 
the  software  support  area  at  least  every  two  years  and  incorporate  any 
additional  information  into  the  model.  This  will  insure  that  cost  projections 
estimated  by  the  model  will  be  based  on  the  most  current  information. 

This  effort  may  be  best  organized  if  it  is  tied  with  the  development  of 
data  collection  techniques  discussed  in  the  previous  section. 

8.3  Addition  of  New  Systems  and  System  Applications 

The  development  of  the  ASSCM,  as  specificed  in  the  government  statement 
of  work,  does  not  address  the  software  support  cost  associated  with  Automatic 
Test  Equipment  (ATE)  and  Aircrew  Training  Devices  (ATD).  The  model,  as 
designed,  could  easily  be  updated  to  estimate  costs  for  these  systems  as 
well.  Moreover,  additional  applications  of  CE,  EW,  and  OFP  systems  may  be 


added  to  increase  the  capabilities  of  the  model's  projections  to  cover  these 
new  areas.  The  effort  in  ail  cases  would  require  data  collection,  model 
modification,  testing,  validation,  and  documentation. 

8.4  Modification  of  the  Model 

As  with  many  model  developments,  the  ASSCM  is  designed  to  support  a 
specific  requirement.  Tne  methodology  employed,  however,  is  well  suited  to 
many  applications  where  the  volume  of  data  is  inadequate  to  support 
traditional  cost  estimating  techniques.  The  applicability  of  the  model 
methodology  must  be  assessed  on  a  case  by  case  basis.  The  unique  algorithm 
developed  for  the  ASSCM  is  appropriate  when  the  need  arises  to  project  costs 
and  very  little  data  exists  to  support  the  projections.  The  algorithm 
utilizes  the  historic  data  available  plus  the  judgment  of  cost  experts. 
Moreover,  the  methodology  breaks  down  each  individual  cost  estimate  to  a  much 
more  manageable  degree  and  then  sums  up  all  of  the  pieces  to  arrive  at  a  final 
estimate. 

The  ASSCM,  as  developed  by  SYSCON,  might  also  support  additional 
requirements  in  the  software  support  area.  Requirements  of  other  labs  and 
divisions  within  ASD,  as  well  as  requirements  of  AFLC,  might  be  addressed 
through  minor  changes  in  the  model’s  output. 
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DATA  COLLECTIONS  PROBLEMS 


Direct  Labor 


Total  manhours  required  to  complete  a  block  change  appear  to  be 
available  from  Form  75.  This  is  the  only  source  of  documentation. 

It  will  be  difficult,  however,  to  match  manhours  with  the  cost  per 
manhour  for  the  following  reasons:  1)  people  are  not  necessarily 
dedicated  to  one  change  block  or  system;  2)  contractors  perform  part 
of  the  work  for  which  manhours  may  or  may  not  be  available;  3)  new 
hires  and  resignations  are  coasson  causing  turnover;  4)  the  nature 
of  the  work  causes  training  to  be  long  and  tedious,  resulting  In  a 
high  variation  of  productivity;  5)  Form  75  data  represent  only  an 
estimate  of  hours;  6)  the  cost  per  manhour  or  GS  grade  of  a  worker 
does  not  necessarily  indicate  the  degree  of  productivity;  and  7)  man¬ 
hours  are  not  necessarily  broken  out  by  task  as  desired  according 
to  the  WBS. 

It  should  also  be  noted  that  the  number  of  manhours  and  the  cost 
per  manhour  reported  might  reflect  the  availability  rather  chan  Che 
requirement  for  people.  This  is  because  the  work  involved  is  exceeding¬ 
ly  specialised,  and  manpower  needs  cannot  be  met  under  optimal  conditions. 

In  the  opinion  of  several  Air  Force  personnel,  manhours  by  task 
could  be  obtained  along  with  their  cost  from  available  Government  records 
(other  than  Form  75)  and  interviews.  The  effort  necessary  co  complete 
cnis  research  in  order  to  recreate  the  manpower  expended  would  be 
tedious,  perhaps  caking  as  long  as  a  manmonth  for  each  system.  Such  an 
attempt  was  not  made  during  the  data  collection  crip. 

Indirect  Labor 


Indirect  labor  costs  include  supervision  and  administration.  Thesa 
hours  are  not  normally  brokan  out  by  system  so  no  data  is  available.  It 
does  seem  possible,  however,  chat  an  estimate  could  be  made  based  on  the 
amount  of  direct  labor  spent  on  e  particular  block  change.  Perhaps 
only  a  percentage  of  the  direct  labor  cost  is  all  that  is  necessary. 

In  any  event,  the  collection  of  actual  manhours  and  costs  for  each  system 
does  not  seem  possible  given  a  reasonable  time  frame  to  collect  this  data. 

Dlract  Support  Equipment 

Direct  support  equipment  varies  tremendously  among  systems.  Thus, 
the  estimation  of  costs  for  this  equipment  is  difficult,  especially  because 
of  cha  lack  of  relationahip  between  specific  cost  drivers  end  costs. 
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The  collection  of  meaningful  equipment  cost  Information  is  hindered 
for  the  following  reasons:  1)  the  equipment  cost  is  included  as  part  of 
the  development  contract  and  is  thus  difficult  to  obtain;  2)  equip¬ 
ment  may  be  leased,  with  no  purchase  price  available;  3)  the  equip¬ 
ment  might  be  outdated  (because  of  the  technological  advances  over  the 
past  5  years)or  might  be  much  cheaper  if  purchased  today;  4)  the  date 
on  which  equipment  was  purchased  is  not  always  available;  and  3)  the 
purchasing  of  equipment  is  decentralized. 

There  is  no  single  source  to  obtain  cost  information  from.  Thus, 
obtaining  the  cost  of  all  direct  equipment  will  require  significant 
time  and  resources  to  exhaust  all  data  sources  for  each  system. 

General  Support  Equipment 

Cost  information  on  shared  support  euqipment  is  not  available  in 
a  useable  form.  The  sources  for  any  of  this  information  are  decentrali¬ 
zed  and,  of  course,  it  is  difficult  to  break  out  the  costs  according 
to  system.  Ideally,  one  would  attribute  total  costs  of  a  piece  of 
equipment  based  on  some  measurement  of  usage.  In  reality,  this  is 
almost  impossible  to  do  without  being  subjective.  Even  the  total  costs 
which  are  to  be  divided  up  among  the  various  systems  would  be  difficult 
to  obtain  without  significant  effort  for  each  piece  of  information. 

Conclusion 


In  summary  it  appears  to  be  a  very  costly  and  time  consuming  effort 
to  collect  all  of  the  relevant  cost  information  necessary  to  support  avionics 
software  changes.  The  job  is  not  impossible.  It  requires  a  person  to 
check  out  all  data  sources  and  spend  a  great  deal  of  time  with  the 
various  supervisors  in  order  to  document  the  evolution  of  each  system. 

It  does  not  appear  to  be  practical  for  the  Air  Force  to  pursue  such 
a  data  collection  effort  because  1)  there  is  some  risk  that  the 
quantification  of  cost  estimating  relationships  might  not  be  possible 
even  if  sufficient  data  is  collected  and  2)  the  cost  of  conducting  such 
a  study  is  too  great  in  comparison  to  the  benefits  of  obtaining  an 
objective  cost  estimate  (which  may  or  may  not  be  better  than  a  subjective 
one) . 
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AVIONICS  SUPPORT  COST  ESTIMATION  QUESTIONNAIRE 
(PHASE  I) 

This  questionnaire  Is  to  be  filled  out  by  knowledgeable  people  in  che 
field  of  avionics  software  support.  Because  of  your  background  and  experience, 
you  have  been  chosen  co  help  in  chls  study  to  predict  software  support  costs. 
Please  answer  all  questions  in  which  you  feel  you  are  qualified  co  provide 
che  necessary  information  or  express  an  opinion.  If  you  have  no  experience 
in  che  area  being  questioned,  do  not  answer  che  question.  However,  do  cot 
be  modest— your  opinions  are  important  and  chere  are  few  people  in  addition 
co  yourselves  chat  are  more  qualified  co  answer  chls  questionnaire. 

STSCON  has  defined  avionics  software  support  costs  into  four  categories: 
direct  and  Indirect  iabor  costs  and  direct  and  general  support  equipment  costs. 
These  costs  are  further  broken  down  according  co  che  work  breakdown  structure 
shown  on  che  next  page.  Please  keep  in  mind  che  kind  of  cost  referred  to  by 
a  question  as  you  respond  co  it. 

There  are  cwo  phases  co  chls  questionnaire.  This  first  portion  consists 
of  two  sections.  Section  I  asks  for  specific  technical  and  direct  labor 
information  about  che  avionics  system  co  which  you  are  directly  assigned. 

The  second  section.  Section  II,  concerns  various  subjects  chac  are  less  technical 
in  nature  but  are  important  for  predicting  costs  ocher  chan  direct  labor 
necessary  to  support  avionics  embedded  computer  syscems. 

Sections  III  and  IV  will  be  distributed  co  you  at  a  later  date.  They  will 
elicit  your  expert  opinions  abouc  how  hypothetical  changes  in  certain  factors 
affect  direct  labor  costs. 

Please  read  che  instructions  ac  che  beginning  of  each  section  carefully 
and  answer  all  questions  chat  you  can.  Discussion  of  a  particular  question  with 
another  person  or  several  people  is  permitted.  However,  it  is  important  chac 
answers  be  as  reliable  as  possible.  In  seme  cases  where  informacion  has  already 
been  provided  co  STSCON,  che  answers  will  be  filled  ir..  In  this  circumstance,  you 
are  asked  merely  co  confirm  your  previously  supplied  data. 
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Name: 

Org: 

Phone: 

Title: 


SECTION  I 

Please  circle  or  fill  in  the  correct  answer  about  the  avionics  system  for 
which  you  are  assigned. 

1.  Application  Type:  Navigation  OF?  Weapon  Delivery 

EV  Jammer  EW  Receiver 

Integrated  EW  Systems  C-E 

Fire  Control  OF?  Other  _____________ 

2.  PMST  Date:  _ 

3.  Current  31ock  Change  Number:  _ 

1.  Year  of  support  _______________ 

5.  Documentation  Rating  at  PMRT:  None 

Incomplete/Outdated 
MIL- STD  i  Dp  to  Date 
Other  _ 

6.  Length  (in  months)  of  Block  Change:  __________ 

7.  Development  v&v  Rating:  None 

Done  By  Developers 
Total  IV&V  un  System 


8. 

Test  Aircraft  Type:  Fighter  Bomber 

Surveillance 

Cargo 

9. 

Reproduction  Medium:  PROM  ROM 

EAROM 

Mag  Tape 

Other 

10. 

Number  of  Fielded  Systems: 

11. 

Exoected  System  Life: 

12  • 

Aoproximate  Direct  Suoport  Hardware  Cost: 

Year  of  Acauisition: 

13. 

Approximate  Support  Software  Development 

Cost: 

Year  of  Acquisition: 

14.  Number  of  Software  Flight  Test  Hours  by  year  or  block  change  number. 
(Please  indicate  which) 
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15.  liscory  of  change*  aide/ changes  requested  by  cype.  (For  example,  if  in 
che  firsc  block  change  10  corrections  were  requested  and  6  were  completed 
you  should  write  6/10  in  che  firsc  column.)  See  definitions  on  page  101. 


Correction 


Deletion 


Addition 


Optimization 


Refinement 


3/W  Related 


Embedded  Computer  System  Information  (for  che  most  recent  block  change) 

16.  Type  __________ ___ 

17.  Word  Size  _ 

18 .  Percent  Fill 

Timing  __________ 

Memory  _ 

Embedded  Computer  Software  Information  (for  che  most  recent  block  change) 

19.  Language 

20.  Lines  of  Code  (size  in  words)  ________ 

Structure 


21.  Design  Rating 


Poor  Fair  Good  Excellent 


22.  Implementation  Rating  Poor  Fair  Good  Excellent 
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23. 

Complexity  Racing 

1 

2 

24. 

Race  of  Change 

1 

2 

25. 

Skill  Level  Mix 

1 

2 

DEFINITIONS 

Complexity  Definitions: 
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(1)  E asy  co  read  and  follow  code,  many  similar  applications. 

(2)  Time  required  co  gain  familiarity  with  code,  many  similar  applications. 

(3)  Time  required  co  gain  familiarity  with  code,  few  similar  applications, 
approaching  state-of-che-art. 

(4)  Extremely  difficult  to  understand  code,  few  similar  applications. 

(5)  Extremely  difficult  co  understand  code,  unique  application,  beyond 
the  stace-o£-che-art. 


Race  of  Change  Definitions: 

(1)  Stable  code,  changes  required  very  infrequently,  minimal  staffing  required. 

(2)  Infrequent  changes  required  on  a  periodic  basis,  staffing  assigned 
on  a  part-time  basis. 

(3)  Changes  required  on  a  periodic  basis,  staffing  requirements  fairly 
constant . 

(4)  Frequent  changes,  changes  require  immediate  attention, 

full-cime  staff  required  plus  additional  personnel  for  perrubatlons. 

(5)  Changes  required  continuously,  full-time  staff  plus  additional  personnel 
have  difficulty  keeping  up  with  user  requirements. 


Skill  Level  Mix  Definitions: 

(1)  Predominantly  inexperienced,  junior  personnel  unfamiliar  with  the 
software  system. 

(2)  Variety  of  personnel  with  a  limited  working  knowledge  of  the 
software  system. 

(3)  Typical  personnel  with  some  experience  with  the  software  system,  mix 
of  junior  and  senior  personnel. 

(4)  Predominantly  senior  personnel  with  a  good  working  knowledge 
of  the  software  system. 

(5)  Highly  experienced,  senior  personnel  with  an  in-depth  knowledge 
of  che  software  system. 


100 


S««f  < wm «t  Ty|»«  |l« f  lull  Iumw  for  yif«|  Ion  I). 


iMtfltfl  1*1  I  *»M 


APPENDIX  B 


Page  9  of  12 


SECTION  II 


The  following  questions  sometimes  require  very  specific  information.  If 
you  feel  you  are  not  qualified  to  answer  a  question,  leave  the  answer  blank. 
However,  if  you  know  a  source  and  can  obtain  the  required  information,  pi  .ease 
do  so  and  state  the  source  in  the  left-hand  margin. 

Direct  Labor 

1.  For  the  following  grade  levels,  what  is  the  current  average  cost  per  manmonth, 
including  benefits? 


Civilian  Military 

Grade  Level  Cost/Manmonth  Grade  level  Cost/Manmonth 


GS  7  _  0-1  _ 

GS  9  _  0-2  _ 

GS  11  _  0-3  _ 

GS  12  _  0-4  _ 

GS  13  _  0-5  _ 

GS  14  _  0-6  _ 

2.  What  is  the  average  cost  per  manmonth  for  contractors  if  work  is  performed 

a)  off-site  ?  b)  on- site  ? 

3.  On  average  how  many  times  more  expensive  is  contractor  labor  than  organic 


labor  if  the  work  is  performed  a)  off-site  ?  b)  on-site  _ 

4.  Assuming  the  developing  software  contractor  has  data  rights  (software  is 
proprietary)  estimate  the  minimum  percentage  of  total  manmonths  within 
each  phase  that  would  have  to  be  supported  by  the  contractor  during  a 
block  change?  (Go  to  next  page) 
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Phage  Minimum  *  of  Worlc  Contracted 

Requirements  Review  _ 

Design  _____ 

Development 

Integration  _ 

T&E  _ 

Documentation 

Repro  /  Ins  talla  tion  ______ 

TOTAL  _ 

5.  Assuming  100  oanmonths  of  direct  labor  were  required  to  maintain  the 
embedded  computer  software,  approximately  how  many  manaonths  of  direct 
labor  would  be  required  to  maintain  the  support  software? 

Indirect  Labor 

6.  Assuming  100  aanmonths  of  direct  labor  were  required  to  complete  a 
block  change,  approximately  how  many  aanmonths  of  effort  would  be 
required  for 

a.  supervison  _ 

b.  administration  _____________ 

7.  What  is  the  average  cost  per  aanmonth,  including  benefits,  for  supervision 
and  administration,  by  phase?  (NOTE:  Cost  may  be  the  same  for  some  or  all 
phases. ) 

Direct  Labor 

Phase 

Requirements  Review 
Design 
Development 
Integration 
T&E 

Documentation 
Repro /Installation 
TOTAL 
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8.  Describe  the  relative  increase,  if  any,  in  administrative  costs  caused  by 

increasing  the  amount  of  work  contracted.  Assume  chac  if  OS  of  the  work  is 

performed  by  contractors,  the  value  is  1.00.  For  example,  if  you  feel  that 

contracting  50Z  of  the  work  would  increase  administrative  costs  by  20Z, 

you  would  write  1.20  below  the  SO  percent  column. 

Z  of  work  contracted 
0  25  50  75  100 

Relative  increase  in 

administrative  costs  1. 00  __  _  ___ 

General  Support  Equipment 

9.  Provide  the  current  average  cost  per  square  foot  for: 

a)  facilities  (building  costs)  _________ 

b)  utilities  _______ 

10.  Provide  the  average  number  of  square  feet  of  space  required  per  person  ______ 

11.  Provide  the  current  average  cost  per  person  for 

a)  desks  and  furnishings  (initial  cost)  __________ 

b)  materials  and  supplies  (annual  cost)  __________ 

c)  general  computer  equipment  (initial  cost)  _ 

12.  Assuming  chat  computer  hardware  costs  S100.000  to  purchase,  approxi¬ 
mately  how  much  would  the  yearly  maintenance  cost  be? 

Direct  Support  Equipment 

13.  Assuming  100  manhours  were  expended  for  test  and  evaluation  during  a 
block  change,  approximately  how  many  flight  test  and  range  time  hours 
would  be  required? 

14.  What  is  the  cost  per  flight  and  ttst  time  by  aircraft  type? 

Cost/Hour  for 

Aircraft  Type  flight  &  test  time 

Cargo  _ 

Bomber  _____ 

Fighter  _____ 

Surveillance  ____ 
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AVIONICS  SUPPORT  COST  ESTIMATION  QUESTIONNAIRE 
(PHASE  II) 

This  questionnaire  is  to  be  filled  out  by  knowledgeable  people  in  the  field 
of  avionics  software  support.  Because  of  your  background  and  experience,  you  have 
been  chosen  to  help  in  this  study  to  predict  software  support  costs.  Please 
answer  at?  questions  in  which  you  feel  you  are  qualified  to  provide  the  necessary 
information  or  express  an  opinion.  If  you  have  no  experience  in  the  area  being 
questioned,  do  not  answer  the  question.  However,  do  not  be  modest — your  opinions 
are  important  and  there  are  few  people  in  addition  to  yourselves  that  are  more 
qualified  to  answer  this  questionnaire. 

SI SCON  has  defined  avionics  software  support  costs  into  four  categories: 
direct  and  indirect  labor  costs  and  direct  and  general  support  equipment  costs. 
These  costs  are  further  broken  down  according  to  the  work  breakdown  structure 
shown  on  the  next  page.  The  most  important  cost  component  is  direct  labor 
expended  in  supporting  the  embedded  computer  system.  All  of  the  questions  in 
this  second  phase  of  the  questionnaire  relate  to  the  estimation  of  direct  labor 
costs.  Section  III  (the  first  section  of  Phase  II)  concerns  the  impact  of  certain 
factors  on  direct  labor  costs  under  several  hypothetical  conditions.  These 
questions  are  designed  to  elicit  your  best  judgment.  The  final  part.  Section  IV, 
asks  you  to  define  the  technical  parameters  and  attributes  of  an  "average”  system. 

Please  read  the  instructions  at  the  beginning  of  each  section  carefully 
and  answer  al l  questions  that  you  can.  If  you  do  not  understand  the  question, 
ask  for  clarification.  You  will  be  given  a  chance  to  change  your  answers  at  a 
later  dace  when  the  results  from  all  respondents  are  tabulated  and  made  known 
to  you. 
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Tha  Jo 11 owing  questions  ask  for  your  expart  opinion  on  how  a  change  in  one 
factor  impacts  on  avionics  software  direct  labor  costs.  Whan  answering  these 
questions  assume  that  all  other  factors  remain  unchanged.  Also ,  you  nay  assume 
(unless  otherwise  specified)  that  the  following  characteristics  about  a  general 
system  apply: 


Lines  of  code:  16K 
Language:  assembly 
Z  memory  fill:  75Z 

Z  timing  fill:  7SZ 

Work  performed:  totally  organic 

Development  7&V:  Performed  by 
developer 

Complexity  rating  —  :  3 

Rate  of  change  —  :  3 


Program  design:  unstructured 

Program  implementation:  unstructured 

Initial  documentation:  incomplete  and 

outdated 

Tear  of  Support:  3 
Application:  Navigation 
Type  of  Aircraft:  Fighter 

Number  of  fielded  systems:  600 
Skill  Level  Nix  -  :  3 


Change  Efficiency  —  :  30Z 

With  these  characteristics  in  mind,  please  answer  the  following  questions 
about  the  relative  impact  on  Che  number  of  required  manhours  within  each  phase 
of  direct  labor.  For  exampla.  If  the  quastlon  asks  you  to  focus  on  chs  impact 
of  changing  the  program  slse  from  16K  to  24K,  all  other  factors  being  equal, 
you  might  expect  software  support  direct  labor  manhours  for  requirements 
review  to  remain  tha  same  whereas  the  labor  manhours  for  tha  design  phsse  would 
iacreese  by  13Z.  That  balng  tha  case,  you  would  fill  in  1.00  in  the  requirements 
review  block  under  24K,  and  1.13  in  the  design  block  under  24K. 

If  you  feel  a  situation  is  not  reasonably  possible,  fill  in  2tA  for  not 
applicable. 


—  See  page  112  (or  the  definition  of  each  racing. 
— ^  See  page  121  far  the  definition. 


Ill 


APPENDIX  C 


Page  4  of  14 


DEFINITIONS 

Complexity  Definitions: 

(1)  Easy  to  read  and  follow  code,  many  similar  applications. 

(2)  Time  required  to  gain  familiarity  with  code,  many  similar  applications. 

(3)  Time  required  to  gain  familiarity  with  code,  few  similar  applications, 
approaching  state-of-the-art. 

(4)  Extremely  difficult  to  understand  code,  few  similar  applications. 

(5)  Extremely  difficult  to  understand  code,  unique  application,  beyond 
the  state-of-the-art. 

Rate  of  Change  Definitions: 

(1)  Stable  code,  changes  required  very  infrequently,  minimal  staffing  required. 

(2)  Infrequent  changes  required  on  a  periodic  basis,  staffing  assigned 
on  a  part-time  basis. 

(3)  Changes  required  on  a  periodic  basis,  staffing  requirements  fairly 
constant. 

(4)  Frequent  changes,  changes  require  immediate  attention, 

full-time  staff  required  plus  additional  personnel  for  pertubations . 

(5)  Changes  required  continuously,  full-time  staff  plus  additional  personnel 
have  difficulty  keeping  up  with  user  requirements. 

Skill  Level  Mix  Definitions; 

(1)  Predominantly  inexperienced,  junior  personnel  unfamiliar  with  the 
software  system. 

(2)  Variety  of  personnel  with  a  limited  working  knowledge  of  the 
software  system. 

(3)  Typical  personnel  with  some  experience  with  the  software  system,  mix 
of  junior  and  senior  personnel. 

(4)  Predominantly  senior  personnel  with  a  good  working  knowledge 
of  the  software  system. 

(5)  Highly  experienced,  senior  personnel  with  an  in-depth  knowledge 
of  Che  software  system. 
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I.  Relative  lap act  on  manhours  from  a  change  In  the  number  of  lines  of  code 


Lines  of  Code 

4K 

8K  16K  24K 

32K 

Reauirements  Review 

1.00 

Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro / Installation 

1.00 

Relative  impact  on  manhours 

from  a  change  of  language 

Language 

Assembly  Fortran 

Structured 

HOL 

Requirements  Review 

1.00 

Design 

1.00 

Development 

l.'OO 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro/ Installation 


1.00 
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3.  Relative  impact  on  manhours  from  changes  in  the  2  memory  fill 

Z  Memory  Fill 

502  752  902  952  982  1002 


Requirements  Review  1. 00 


Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro / Installation 

1.00 

4.  Relative  impact  on  manhours  from  a  change  in  2  timing  fill 

_ 2  Timing  Fill _ 

502  752  902  952  982  1002 


Requirements  Review  1.00 


Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

.  - 

Repro / Installation 

1.00 
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S.  Relative  impact  on  manhours  from  a  change  in  the  X  of  work  performed  by 
contractor 


X  of  work  performed  bv  contractor 
or  25Z  50Z  75Z  90Z  100Z 


Requirements  Review  1.00 


Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repr o /Ins talla t ion 

1.00 

Relative  impact  on  manhours 

from  a 

change  In  development 

V&V  rating 

Development  V&V  Racing 

Done 

Total 

By 

rv&v 

None 

Developer 

Complete 

Requirements  Review 

1.00 

Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Reoro/Xnstallation 

1.00 
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Relative  Impact  on  manhours  from  a  change  in  initial  documentation  rating 

Initial  Documentation 

Incomplete  MIL- STD 

None  Outdated  Up-to-date 


Requirements  Review  1.00 


Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro/ Ins  tallation 

1.00 

Relative  impact  on  manhours  from  a  change  in  the  year  of  support 

Year  of  Support 


1  2  3  4  5  6 


.00 


Requirements  Review 


1 


APPENDIX  C 


Page  10  of  1<* 


Repro/ Installation 


[»I>] 
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13.  Relative  impact  on  manhours  from  a  change  in  complexity 


1  2  3  4  5 


Requirements  Review 

1.00 

Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro / Ins  tallatlon 

1.00 

Complexity  Definitions: 

(1)  Easy  to  read  and  follow  code,  many  similar  applications. 

(2)  Time  required  to  gain  familiarity  with  code,  many  similar  applications. 

(3)  Time  required  to  gain  familiarity  with  code,  few  similar  applications, 
approaching  state-of-the-art. 

(4)  Extremely  difficult  to  understand  code,  few  similar  applications. 

(5)  Extremely  difficult  co  understand  code,  unique  application, 
beyond  the  state-of-the-art. 
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14.  Relative  impact  on  manhours  from  a  change  in  cate  of  change 


1  2  3  4  5 


Requirements  Review 

1.00 

Design 

1.00 

Development 

1.00 

Integration 

1.00 

Test  &  Evaluation 

1.00 

Documentation 

1.00 

Repro/Installation 

1.00 

Rate  of  Change  Definitions: 

(1)  Stable  code,  changes  required  very  infrequently,  minimal  staffing  required. 

(2)  Infrequent  changes  required  on  a  periodic  basis,  staffing  assigned 


on  a  part-time  basis. 

(3)  Changes  required  on  a  periodic  basis,  staffing  requirements  fairly 
constant . 

(4)  Frequent  changes,  changes  require  isnedlate  attention, 

full-time  staff  required  plus  additional  personnel  for  perturbations. 

(5)  Changes  required  continuously,  full-time  staff  plus  additional  personnel 
have  difficulty  keeping  up  with  user  requirements. 
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IS.  Relative  impect  on  cost  from  a  change  in  the  skill  level  m-i* 


1  2  3  4  5 

Requirements  Review _ 1. 00 _ 


Design _ _ _ 1.00 


Development _ 1.00 


Integration _ 1. 00 


Test  &  Evaluation _ _ 1. 00 


Documentation _ 1.00 


Repro/Installation _ 1.00 


Skill  Level  Mix  Definitions: 

(1)  Predominantly  inexperienced.  Junior  personnel  unfamiliar  with  the 
software  system. 

(2)  Variety  of  personnel  with  a  limited  working  knowledge  of  the 
sofcware  system. 

(3)  Typical  personnel  with  some  experience  with  the  software  system,  mix 
of  junior  and  senior  personnel. 

(4)  Predominantly  senior  personnel  with  a  good  working  knowledge 
of  the  software  system. 

(5)  Highly  experienced,  senior  personnel  with  an  in-depth  knowledge 
of  the  software  system. 

16.  Relative  impact  on  manhours  from  a  change  in  efficiency,  i.e. ,  the  ratio 

of  the  number  of  changes  completed  to  changes  requested. 

102  252  502  752  1002 

Efficiency  Ratio _ 1. 00 _ 
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SECTION  IV 

?laaaa  fill  la  cha  specific  vtluu  far  cha  following  eharaetarlatlca  ctsac 
jou  faai  ara  rapraaaacadva  of  aa  "  avara|a"  tabaddad  coapucar  lyicia  la  ena 
field.  Thla  should  not  aacaaaarlljr  raflacc  jour  syscao  aad  ear  raflacc  a 
hypothadcal  syscao. 


c 

a 


> 

i 


I 

« 


i 

m 


Llaaa  of  Coda  (l-a) 

Language  (lasaohly, 

foreran,  Sc rue cur ad 
SOL) _ 

I  saurr  »ui 

Z  Tlflila*  mi  fO-LOO) 

Oawalopaanc  71V  (Nona, 
doaa  hr  daraiopor. 
tVlTl _ 


Prograo  Oaalgn  (Poor. 
fair.  Saod.  Ixcallaat) 

Prograa  lnolao an cation 
(Poor.  Pair,  Cood, 
Ucallenc) _ 

lalrlal  locuancacloo 
(Sons,  Inrnuplaca. 


2Sc2S2 _ 

Tear  of  Support  (1-a) 

Typo  of  aircraft 
(flghcar,  booPar, carlo. 

surralllaaca) _ 

Suahur  af  flaldad  irscw 


lira! _ 

Coat  af  Direct  Support 

lauloooot  q-a) _ 

coopi^tr  y  us 
lata  af  C hante  -  1-5 
sun  laral  Stt  £  1-5 
am  «f4cl<mcr  3-lOCI 


1/ 

Saa  paia  1 12  far  cha  definition  af  each  racial 
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APPENDIX  E 

PERSONNEL  COST  INFORMATION 


Annual 

GS  Grade  Base  Salary  1/  Military  Grade 


GS  1 

$8,398 

0-1 

GS  2 

9,764 

0-2 

GS  3 

10,907 

0-3 

GS  4 

12,683 

0-' 

as  5 

14,893 

0-5 

GS  6 

16,926 

0-6 

GS  7 

18,336 

0-7 

GS  8 

21,586 

0-8 

GS  9 

22,719 

0-9 

GS  10 

25,385 

0-10 

GS  11 

27,076 

GS  12 

32, 729 

GS  13 

40,311 

GS  14 

47,284 

GS  15 

50,112 

GS  16 

50,112 

Monthly 
Base  Salary  £' 


SI, 329 
1,651 
2,112 
2,44fc 
3,034 
3,549 

4,176 

4,176 

4,176 

4,176 


y  Provided  by  Mr.  Jerry  Carter,  HQTRS  AFLC/NPKP  WPAFB,  10/21/81.  Figures 
include  4. 81  cost-of-living  raise  effective  10/1/81. 

II  Provided  by  Mr.  Jerry  Carter  10/27/81. 
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RESPONDENTS  TO  PHASE  II  QUESTIONNAIRE 


Name 

Locati on 

Classification 

Wayne  Lord 

SM-ALC 

MfCCA 

John  Hancock 

SM-ALC 

Autoneti cs 

Ben  Alsep 

SM-ALC 

MMECA 

Bob  Alley 

SM-ALC 

MMECA 

Thomas  Broers 

SM-ALC 

MMECA 

Jim  Sheppard 

SM-ALC 

Rockwell  International 

? 

SM-ALC 

General  Dynamics 

Greg  Straton 

Point  Mugu 

USN 

Richard  Desposato 

Poi nt  Mugu 

USN 

David  Erickson 

00-ALC 

MMECA 

Russ  Suzuki 

OO-ALC 

MMECA 

Eldon  Jensen 

00-ALC 

MMECA 

Val  on  Stock 

00-ALC 

MKECA 

Leon  Oldham 

00-ALC 

MMECA 

Jim  Healey 

00-ALC 

MMECA 

Mike  Welch 

00-ALC 

MMECA 

Oea  Johnson 

00-ALC 

MMECA 

Lt.  Robert  Sikes 

OC-ALC 

AWACS 

Willis  Janssen 

OC-ALC 

AUACS 

Lt.  James  Hart 

OC-ALC 

AWACS 

James  Walker 

OC-ALC 

MMECM 

Joseph  King 

OC-ALC 

MMECO 

Tom  King 

OC-ALC  ' 

MMECO 

George  Wann 

OC-ALC 

MMECM 

Coy  Sullivan 

OC-ALC 

M«CT 

Tom  Reyenga 

OC-ALC 

MMECT 

Michael  Ryan 

OC-ALC 

MMECO 

Leonard  Wil  son 

OC-ALC 

MMECT 

Capt.  Russell  Hammerad 

OC-ALC 

AWACS 

Novi  e  Whi  te 

WR-ALC 

MMECDA 

Victor  Vajo 

WR-ALC 

MMECDA 

Harry  Jennings 

WR-ALC 

MMRRVC 

John  Echols 

WR-ALC 

mcoF 

Suzanne  Mason 

WR-ALC 

MfflRCC 

Jim  McKeen 

WR-ALC 

MMECDA 

John  Louth 

WR-ALC 

MWRVA 

Ron  Parker 

WR-ALC 

MMECV 

Jim  Hundley 

WR-ALC 

MMRRIA 

Ken  Obst 

WR-ALC 

MfCCDF 
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FOLLOW-UP  LETTER  WITH  PHASE  II  OUESTIONAIRE 


C  O  R  P  O  R  ATI  O  N 


1054  31  ST  STREET.  N.W. 


WASHINGTON.  O.C.  20007 
PHONE:  (202)  342-4000 
TWX:  (710)  822-0103 


You  may  recall  that  earlier  this  year,  Rich  Bentley  and  I  visited  your  Air 
Logistics  Center  in  order  to  collect  information  concerning  the  costs  of  maintaining 
embedded  computer  software.  SYSCON  Corporation  is  under  contract  from  the  Avionics 
Lab  at  Wright-Patterscn  to  develop  a  computer  model  to  estimate  these  costs  during  the 
conceptual  stage  of  avionics  system  design. 

You  were  chosen  to  take  part  in  Phase  II  of  our  two-phase  questionnaire. 
Because  of  the  subjective  nature  of  the  information  requested,  we  feel  the  reliability  of 
the  data  you  provided  would  be  enhanced  if  you  had  one  final  opportunity  to  review  your 
answers.  This  method  for  data  collection,  known  as  the  Delphi  Technique,  requests  you 
to  compare  your  answers  to  the  averages  computed  from  the  answers  provided  by  all  of 
the  respondents.  You  thus  have  one  last  opportunity  to  change  any  or  all  of  your 
answers. 


The  purpose  of  this  final  review  is  to  allow  you  to  see  how  your  peers 
interpreted  the  same  questions.  We  have  enclosed  a  computer  printout  of  each  question 
and  your  previous  answers.  Below  each  of  your  answers  is  the  average  as  computed  from 
all  39  respondents.  In  this  way  we  hope  we  have  made  it  simple  far  you  to  compare  ycur 
previous  answers  to  the  averages.  Please  also  keep  in  mind  that  some  questions  were 
misinterpreted.  You  should  note  this  when  comparing  your  answers  to  the  averages. 

In  computing  averages  we  have  omitted  answers  left  blank.  In  addition,  we 
set  a  limit  of  10  to  reduce  the  impact  of  any  one  answer  an  the  computed  averages. 

Thus,  if  a  respondent  felt  that  costs  would  increase  by  a  factor  of  10  or  more,  an  answer 
of  10  was  substituted.  We  would  greatly  appreciate  your  help  one  last  time  so  that  we 
can  finalize  our  mathematical  algorithms.  If  you  feel  any  changes  are  in  order  or  wish  to 
fill  in  answers  you  previously  left  blank,  simply  cross  out  your  old  answer  and  insert  the 
new  one  in  its  place.  Keep  in  mind  that  you  do  not  have  to  change  your  answers.  It  will 
be  easier  far  us  if  you  work  with  a  red  pencil  or  pen.  Also,  if  your  answer  and  the  group 
average  are  both  shown  to  be  1.00,  no  changes  are  necessary.  You  may  recall  that  these 
were  present  only  to  establish  a  point  of  reference  and  are  not  subject  to  change. 

This  review  should  take  you  no  mare  than  half  an  hour.  When  you  are 
finished,  please  return  the  questionnaire  in  the  self-addressed,  stamped  envelop  enclosed 
for  this  purpose  bv  12  Decamber  1981.  If  there  are  any  question!,  please  feel  free  to  call 
me  at  800-424-8503. 

Thank  you  very  much  for  your  help  and  support. 


Sincerely, 
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AVIONICS  SUPPORT  COST  ESTIMATION. QUESTIONNAIRE 
(PHASE  II) 

This  questionnaire  la  to  be  filled  out  by  knowledgeable  people  in  the  field 
of  avionics  software  support.  Because  of  70 ur  background  and  experience,  you  have 
been  chosen  to  help  In  this  study  to  predict  software  support  costs.  Please 
answer  all  questions  in  which  you  feel  you  are  qualified  to  provide  the  necessary 
information  or  express  an  opinion.  If  you  have  no  experience  in  the  area  being 
questioned,  do  not  answer  the  question.  However,  do  not  be  modest— your  opinions 
are  important  and  there  are  few  people  in  addition  to  yourselves  that  are  more 
qualified  to  answer  this  questionnaire. 

S7SC0N  has  defined  avionics  software  support  costs  into  four  categories: 
direct  and  indirect  labor  costs  and  direct  and  general  support  equipment  costs. 
These  costs  are  further  broken  down  according  to  the  work  breakdown  structure 
shown  on  the  next  page.  The  most  important  cost  component  is  direct  labor 
expended  in  supporting  the  embedded  computer  system.  All  of  the  questions  in 
this  second  phase  of  the  questionnaire  relate  to  the  estimation  of  direct  labor 
costs.  Section  III  (the  first  section  of  Phase  II)  concerns  the  impact  of  certain 
factors  on  direct  labor  costs  under  several  hypothetical  conditions.  These 
questions  are  designed  to  elicit  your  best  judgment.  The  final  part.  Section  IV, 
asks  you  to  define  the  technical  parameters  and  attributes  of  an  "average"  system. 

Please  read  the  instructions  at  the  beginning  of  each  section  carefully 
and  answer  all  questions  that  you  can.  If  you  do  not  understand  the  question, 
ask  for  clarification.  You  will  be  given  a  chance  to  change  your  answers  at  a 
later  dace  when  the  results  from  all  respondents  are  tabulated  and  made  known 
to  you. 
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SECTION  III 


Name: 

Qrg: 

Phans: 

Title: 


The  following  questions  ask  for  your  expert  opinion  on  bow  a  change  in  one 
factor  impacts  on  avionics  software  direct  labor  costs.  When  answering  these 
questions  assume  chat  all  other  factors  remain  unchanged.  Also ,  you  may  assume 
(unless  otherwise  specified)  chat  Che  following  characteristics  about  a  general 
system  apply: 


Lines  of  code:  16K 
Language:  assembly 
Z  memory  fill:  752 

Z  timing  fills  752 

Work  performed:  totally  organic 

Development  V&V:  Performed  by 
developer 

Complexity  racing  —  :  3 

Race  of  change  —  :  3 


Program  design:  unstructured 

Program  implementation:  unstructured 

Initial  documentation :  Incomplete  and 

outdated 

Tear  of  Support:  3 
Application:  Navigation 
Type  of  Aircraft:  Fighter 

Number  of  fielded  systems:  600 
Skill  Level  Mix  -  :  3 


Change  Efficiency  —  :  50Z 

With  these  characteristics  in  mind,  please  answer  the  following  questions 
about  the  relative  impact  on  the  number  of  required  manhours  within  each  phase 
of  direct  labor.  For  example,  if  the  question  asks  you  to  focus  on  the  impact 
of  changing  the  program  size  from  16K  to  24K,  all  other  factors  being  equal, 
you  might  expect  software  support  direct  labor  manhours  for  requirements 
review  to  remain  the  same  vhereaa  the  labor  manhours  for  the  design  phase  would 
Increase  by  152.  That  being  the  case,  you  would  fill  in  1.00  In  the  requirements 
review  block  under  24K,  and  1.15  in  the  design  block  under  24K. 

If  you  feel  a  situation  Is  not  reasonably  possible,  fill  in  NA  for  not 
applicable. 


1/ 

2/ 


See  pege  134  for  the  definition  of  each  rating. 
See  page  142  for  the  definition. 
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DEFINITIONS 

Complexity  Definitions: 

(1)  Easy  to  read  and  follow  code,  many  similar  applications. 

(2)  Tlaa  required  to  gain  familiarity  with  code,  many  similar  applications. 

(3)  Time  required  to  gain  familiarity  with  code,  few  similar  applications, 
approaching  state-of-the-art. 

(4)  Extremely  difficult  to  understand  code,  few  similar  applications. 

(3)  Extremely  difficult  to  understand  code,  unique  application,  beyond 

the  state-of-the-art. 

Rate  of  Change  Definitions: 

(1)  Stable  code,  changes  required  very  infrequently,  minimal  staffing  required. 

(2)  Infrequent  changes  required  on  a  periodic  basis,  staffing  assigned 
on  a  part-time  basis. 

(3)  Changes  required  on  a  periodic  basis,  staffing  requirements  fairly 
constant. 

(4)  Frequent  changes,  changes  require  immediate  attention, 

full-time  staff  required  plus  additional  personnel  for  pertubations . 

(5)  Changes  required  continuously,  full-time  staff  plus  additional  personnel 
have  difficulty  keeping  up  with  user  requirements. 

Skill  Level  Mix  Definitions; 

(1)  Predominantly  inexperienced,  junior  personnel  unfamiliar  with  the 
software  system. 

(2)  Variety  of  personnel  with  a  limited  working  knowledge  of  the 
software  system. 

(3)  Typical  personnel  with  some  experience  with  the  software  system,  mix 
of  junior  and  senior  personnel. 

(4)  Predominantly  senior  personnel  with  a  good  working  knowledge 

the  software  system. 


(3)  Highly  experienced,  senior  personnel  with  an  in-depth  knowledge 
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1.  RtL  aT I Vt  IMPACT  Om  .«a.,ihuukS 
AoSu"*t  1  H*T  TrtE  5 tQu  I K fh£i<  I 0 
RELaT [ Vt  COhPwEaIIY.  TnUO, 
CO*r Lc*  TnA.y  a  mK  PkOGRam. 

uK 

FrtO.-t  a  CHANGE  In  THfc  imu*5oR  OF  uIi«Ee  uF  CuDE. 
i  o F  TnE  VARIOUS  PwOgRaM  SiZES  REFLECT  TnEiR 

ii  is  obvious  TnAf  a  32a  kruGwam  is  MuCrt  *oke 

LIMES  OF  lDuE 

0<  16a  E«a  32a 

PtQulKEM?i>iTa  kEvIcW 

.ho 

.do 

1 .00 

1 ,2o 

1  .«0 

average 

.6* 

.So 

1.00 

1.20 

1  .«5 

/.to 

DESIGN 

.5u 

.73 

1.00 

i  .25 

1.50  IbO 

av£k agE 

.hi 

.78 

1.00 

1 ,3o 

1.75 

OfcVEL jPmEnT 

.50 

.7a 

1.00 

1  .25 

1.50 

a vEk AGE 

.bn 

.78 

1.00 

1.3c 

1.63 

I  *«T  tG*  *  fljN 

.*v*0 

1.00 

+rru 

A vEn AGE 

.63 

,9o 

1.00 

1.33 

1.65 

TcST  A  tVALuATIUN 

.5o 

.73 

l  .00 

lTfr3^30 

W50  f.&J 

AvErAgE 

.*>1 

.78 

1  .Ou 

1 ,3u 

1 .60 

PuCUMENT ATIoN 

.to 

^>.7? 

l  .oo 

&r<rotSD 

AvEkAgE 

.62 

.70 

1  .Ou 

1.23 

1 ,5u 

R£«nO/TiySr  ALLATlOu 

1.00 

J-r5u  //0 

2~r<H>  f2Q 

avEkagE 

.45 

.«l 

1 .00 

1.05 

1.18 

2.  PtUATlVt  impact 

0>»  manhuUkS 

FkOm  A  CHANGE  OF  language. 

LANGUAGE 

8  T KUC  T uRt D 

AaSEMoLY  FUPTRaN 

MUL 

RcQu  TREwEnTo  riE  v  It  * 

1.00 

.*U60 

.■TS/-00 

AvEn *GE 

1  .  Ou 

.Do 

1.00 

PcSlftiy 

1  .00 

,*”S.9o 

0 

AvEkAGE 

• 

O 

c 

.87 

.53 

''EVoLuPmEnT 

1  .Ou 

.75 

.50 

A  y  Eb  AGE 

l.Ow 

.72 

.78 

I.,TfcGfcAT  IUN 

1  .Ou 

.50 

.80 

A  v  En *gE 

1.00 

.87 

TEST  b  EVALUATION 

l  .Ou 

.80 

.75 

A  y  E* AG? 

1  .Ou 

.So 

.87 

JuCOMftNTATIuN 

1  .Oo 

.50 

.eo 

AvEkAgE 

1  .Ou 

•  8  3 

.80 

<£P«0/InSI  ALL*U0„ 

1  ,Oy 

1  .Ou 

1  .Ou 

Average 

1 .  Ou 

.°3 

.53 
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a.  k£i_AT1v£  I^PmCF  oN  MANnOuRa  F»gM  A  ChA»Gc  IN  TpiE  Z  MfcMuPr  FILL. 

x  MtMuRr  fill 


5u2 

752 

«oS 

R5Z 

RoZ 

1  o  Oa 

REQUIREMENTS  itEvttR 

1  .00 

1  .Oo 

l  .Oo 

1 .00 

1 .  Oo 

1 .00 

A  v  E  it  A  uE 

.Ro 

1  .  Ow 

1.1  o 

1.35 

1  .60 

2 . 2e 

DESIGN 

l  .00 

1 .00 

1 .20 

1 .40 

1.60 

2.  Oo 

a vEkAGE 

.do 

1  .00 

l  .40 

l.Rs 

2. So 

3.4* 

DEVELOPMENT 

1  .00 

1  .  Oo 

1.40 

1  .60 

1 .7u 

2.00 

a  vE(t  AgE 

.8/ 

1  .Oo 

1.46 

1.R7 

2.45 

3.1« 

I  in  T t  Git  A  T  I  Qii 

1.00 

1 .00 

1.00 

IS*  . 
ln-ro  - 

4.^0 

15^0 

A  vFit  AbE 

.Qi 

t  .Oo 

1.25 

1.5a 

1.89 

2.66 

T£S1  &  EVALUATION 

A  vEri  AbE 

1.00 

.R3 

t  .  Oo 
t.Ov 

LX 

1.21 

1.4*6 

W0«r- 
1  .«0 

/so 

i-riO- 

1.55 

(.70 

1 » 

1  .82 

Document  a riuN 

1.00 

1  .  Oo 

1.00 

1.10 

f.tr 

/,lO 

1-rG-U 

a vEn  AGE 

,R4 

1  .  Oo 

1  .05 

1.09 

1.15 

1 .2  v 

REPKO/I.tSl  all  aT  iOtv 

1.00 

1 .00 

1.00 

1.00 

1.00 

1 .00 

AvErt  AGE 

.  R» 

1.00 

1  .01 

1.02 

1.02 

1.04 

4.  RELaTivE  IMp-ALT 

On  WA(V«UUitS 

from  a 

CHANGE  In 

IHfc  X  TImIi.G 

fill. 

x  timing  FILL 

502 

752 

ROZ 

R5Z 

R«X 

100s 

********  ******** 

********  ******** 

R£Qu IrEmEn Ta  REvTtR 

1 .00 

l  .00 

1.00 

1.00 

1.00 

A  vEitAbE 

.R5 

1  .Oo 

1.06 

1  .26 

1.5a 

1.79 

DeSlG.t 

1.00 

1  .20 

4S35. 

AVERAGE 

.*8 

1  .  Oo 

1.31 

1.77 

2.35 

3.01 

DEVELOPMENT 

1  .Oo 

1.2o 

1.80 

2.00 

2 . 5o 

average 

Xi 

1 .  Oo 

1.36 

l.«5 

2.22 

3.0s 

INTEGRA  I  TUN 

,9? 

1 .00 

/'&4 

w3-o 

!^? 

Wf 

*;» 

average 

.R  « 

1  •  Oo 

1.2c 

1.51 

1 .86 

2.5a 

TtST  A  cVaLUAVIjN 

l  .00 

1.20 

r.yo 

2.  fill 

&-rrr 

AvEkAGE 

,RU 

1  .Oo 

t.2i 

i.«6 

1.65 

1 .  Ro 

D<jCUMEN 1  A  f IuM 

,9f 

l  .Oo 

1.00 

1.00 

1  .Oo 

1 .00 

avEragE 

.Ro 

l  .00 

1.02 

1.07 

1.09 

l.lo 

?E»F»0/  IitSl  AlLaTIDh 

'.*7 

i  .00 

1.00 

l  ,0w 

1 .00 

1  .Oo 

A VEr  Abe 

.R7 

l  .Oo 

1  .Oo 

1.03 

1.01 

1.07 
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5.  SfcL^TlVt  IM(-Ai.T 

on  f  o  r  a  l 

HANHuUnS 

CoOih  organic 

And  CoNTRaCTOr) 

p  R  0  1*  A 

CnAwGc  1*  TnE  Z 

Or  nOr* 

PESFOrMcO 

By  CQNTit AC ToPa . 

S  Of  nGkK  PERFORMED 

9t  COnTRACTuRS 

OX 

2la2 

5oX 

732 

POX 

lOo* 

PtGuTR£i*£i«Ta  n£vlt«< 

1 .00 

1  .Oo 

1  .00 

1  .  Oo 

1  .00 

1.00 

average 

1  .Oo 

1.1* 

1  .2* 

1.31 

1.33 

1.37 

OtSIG.. 

1  .00 

/.IP 

A3o 

1.3s 

average 

1  .Ou 

1  .21 

1.33 

1.3* 

1.31 

1.35 

DEVELOPMENT 

1.00 

l  .  lu 

l.lo 

1.20 

1  .30 

1  .ao 

A vEnAbE 

1 .00 

1.1* 

1  *2o 

1.29 

1  .2b 

1 . 3o 

LyTeGnATTu.M 

1 .00 

1 .10 

1.10 

1 ,2o 

1 .30 

1.35 

A  v£k AGP 

1.00 

1 . 2o 

1.2a 

1.2* 

1.27 

1  .2* 

TtSI  4  t'/ALuAflUN 

1.00 

l.lo 

1.10 

1  .2o 

1 .30 

1 .35 

AvErA^F 

l  .oo 

1.1/ 

1.27 

1 .2o 

1  .2* 

1.3* 

DOCUMENTATION 

1.00 

l.lo 

1.10 

1 .20 

1.30 

l  ,au 

a  v  EH Ab£ 

1 .00 

1 .15 

1.21 

1.2** 

1.27 

1.3i 

«c°KO/ tNST  ALLaT  iOn 

1.00 

1  .Oo 

1.00 

i  .Oo 

1  .Oo 

1.00 

A  * Ek AGE 

1  .Oo 

1  .Oj 

1 .03 

1.05 

1  .Oo 

1  .0* 

b,  »5‘LAliV6  1.MHACT 

On  fiAixHulIRS  PROm  A 

change  In  uEvELOP^tNf 

v & v  ka r it«6« 

uEvELOPMENT  v%v 

rA  T  JnG 

ou*e 

TuTaL 

aY 

I V  A  V 

NUNE 

PEVELuPtP  CuMPLtTE 

**■***■»»•*  «**»***» 

REQUIREMENTS  rEvIc.R 

1 .00 

l  .Oo 

1.00 

AVERAGE 

1.37 

1  .  Oo 

.07 

DES  I  GN 

1.10 

1  .Oo 

.flo 

AVERAGE 

1  .El 

1  .Oo 

.97 

DE'/ELuPhE.mT 

1.10 

1  .  Oo 

.75 

A vEhAbE 

l .  So 

i  .Oo 

.Oo 

IiyTE6*<  *  l  T  aN 

1  .Oo 

1  .Oo 

.73 

awEkauE 

1.5* 

l  . Oo 

Ttsr  «  evaluation 

1  .25 

1  .Oo 

.75 

AvErAgE 

1 .«« 

1  .Oo 

.<?« 

DuCU"£MT a f IuN 

1  .Oo 

1  .Oo 

1 .00 

avErAgE 

1  .  5o 

i  .Oo 

.PI 

p  E  0  R  0  / ImST  *  c  L  a  T I Ow 

1.00 

1  .Oo 

1  .  Oo 

AVERAGE 

1.13 

1  .Ou 

1  .  Oo 
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7.  kEL'TIvE  ImPmC 

f  jN  MANnObRS  FROM  A 

ChAnGE  IN 

PttObRAM  design  STkUCTuRl 

PptOtoP  AM 

OtSIGN 

PuOk 

F  A  t  K 

GuOu 

EXCELLENT 

******** 

Ji|3u I kEnEu To  r.cvlfct* 

1.00 

.80 

.7o 

.50 

*  0£*  AbC 

1 . 0;> 

.93 

.9c 

.3k 

OcSIGn 

1  .  Ou 

.80 

.70 

.50 

*  vE*  *l»E 

l  .Oo 

.PI 

.85 

.86 

n£VtLOpM£l»T 

1  .  Ou 

.80 

.7o 

.50 

A  V  En AGE 

1  .Ou 

.91 

•  do 

I nTcGh  A  J  IuM 

1  .00 

.®u 

.So 

.70 

A  oEHAbE 

1 .00 

.80 

.71 

T  £  S  T  &  cVaLoAriJ1'' 

1 .00 

.80 

.70 

.50 

A  v  Ek  AliE 

l.Ow 

.91 

.31 

.7o 

DuCuMe'Mr  a  (IuN 

1  .Oo 

.9o 

.80 

.70 

A vEkAbE 

1.00 

.8k 

.30 

.70 

9  £  P  k  0  /  I it S T  AlLaT  |  Q  i» 

1  .Oo 

1  .  00 

1.00 

l.Oo 

A  vEk  AliE 

1.00 

.  9o 

•  9o 

.93 

a.  pelat i v t  impact 

On  hAwHLUkS  FkOh  a 

CHANGE  In 

HPuGRA*  IMPLEMtNT AT IUN 

STRUCTURE. 

pnOgSam  implementation 

Pudk 

f  a  I* 

GuOo 

EXCELLENT 

******** 

9cUuI  HE  •lEmTo  nEvltk 

1.00 

•  9o 

.70 

.60 

A  v£.k  Ai»E 

1.00 

.  9o 

.91 

.So 

DcS  1  Gn 

1  .Oo 

.90 

.80 

.70 

AvEa AbE 

1  .Oo 

.9  * 

.36 

.31 

DEV&LuPnEnT 

t  .Oo 

.®o 

.30 

.70 

AvEn  *<jc 

l .  Oo 

.90 

•  *e 

•  7© 

I  T  t  S  W  ^  T  T  J  i'l 

1 .00 

.90 

.70 

.60 

AvEa AbE 

1  .Oo 

.  So 

•  7o 

.6** 

TEST  6  EVaLuA I IUN 

1.00 

.80 

.7o 

.70 

AVERAGE 

l.Oo 

.®o 

.36 

.7c 

OuCUM£AirATlGN 

l  .Oo 

.9o 

.90 

.8o 

average 

1  .Oo 

.9- 

.So 

.75 

OcPkO/InST  AlLaT  iO., 

l.Oo 

1  .  Oo 

l.Oo 

1.00 

A  VE*  AljE 

l.Oo 

.97 

.®« 

.  9u 
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KEl4  f  IvE  uN  maNhOURo  p-?oM  a  CrtANGE  i*J  INITIAL  CuC  LMtNT  A  I  Io.N  9  a  T  i  NG , 

INITIAL  DuCuPENT  A  fIU<V 


INCOMPLETE  ulL-aTG 
nOnE  Our*}*  TED  UP^To^uATE 


RcAuIkEI'iEnTS  «EvItw 

"^JO* 

*****  *** 

\  .OV; 

.So 

*w£n AGE 

2.41 

1.00 

.69 

OESiGn 

44,60 

1  .00 

.So 

AvEk  A(aE 

a.Oi 

1 .00 

.So 

OtVtLUPHE^T 

1  .  Oo 

.50 

A  vEnAtsE 

3. 6* 

1  .Oo 

.41 

I  i\l  T£GW  A  T  I  UN 

■U.ao 

1  .  Oo 

.75 

AvE^AtoE 

3.4/ 

1 .  Oo 

•  fee 

TtST  4  t.V  ALL  a  i  T  uH 

1 .00 

.  So 

AVErt  A(,£ 

3. OS 

1  .Oo 

,4a 

OuCuMtNl ATIwN 

tf.oo 

l  .  Oo 

.5o 

average 

a.Oo 

1  .  Oo 

.59 

PcPKO/ImSTAlLaTIOm 

l.Oo 

1 .00 

A  v£*  Au£ 

2.02 

l  •  0  o 

.4s 

lo.  ^ElATIvE  IrtP^CT 

UN  M ANhOuRi  F Rum  a 

CrtAixGt  IN 

TnE  YEAk 

oF  SUPPOnT 

• 

Y£Ak  uF 

Support 

1 

2 

3 

1  M  R  S  W  "  p  m  N 

4 

5 

6 

******** 

REQu IkE.mEk To  hEvIeW 

2 .  Oo 

l  .2o 

l  .00 

.8o 

.75 

.73 

4  v  EWA»,f 

1  .77 

1.23 

l.Oo 

.Oo 

,9o 

.97 

DESIGN 

2.  Oo 

1.25 

1.00 

.So 

.75 

.75 

A  vEk  Ai,E 

1.77 

1 .  32 

1.00 

.95 

.93 

.94 

OEVECOPmEnT 

2. 00 

1  .  2b 

1  .Oo 

.80 

.75 

.75 

A  v  EP  *gE 

1.79 

t  .33 

l.Oo 

.95 

.94 

.93 

I ,.TEGP  A  T  I  uN 

1  .20 

1  .  10 

l.Oo 

.90 

.So 

.3  0 

avEkagE 

1.94 

1.37 

l.Oo 

.93 

.<»6 

.9/ 

TEST  &  EvaLuAJIuN 

1 .50 

1.20 

l.Oo 

.80 

.75 

.75 

AVERAGE 

1.73 

1.33 

l.Oo 

.9b 

.97 

l.Oo 

OOCU^tNrATlLN 

/.iT 

U— tr 

l.Oo 

l  .Oo 

1  .00 

l.Oo 

AVEhA„E 

1 . 5a 

1.23 

1  .Oo 

.97 

.9o 

l.Oo 

Pt^hO/ installation 

1.00 

l.Oo 

1  .Oo 

l.Oo 

1  .Oo 

1.00 

a  v£*  4gE 

1.3o 

1 .  U 

1  .Oo 

.90 

l.Oo 

1 .03 
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11.  *Ei_Ari*£  ImPaCT  UN  ,JMNnOuPS  r'9u“  A  ChA.aGc.  IN  TpiE  aircBaFI  TYPE. 

TvkE  Of  AlHCnArT 


SuRvEiL- 

tAnGu  oHm^cR  FIGhTfcR  LArtCt 


WE^O I kEmEim Ta  wEvIc" 


A  v  E  k  AGE 

.93 

1.0c 

M 

• 

o 

c 

.93 

OtSISw 

A  v  c*  AGE 

.30 

1.03 

1 .00 

1.01 

OEVtLuPMEi.T 

A  V  £  p  A  u  £ 

.90 

1  .01 

1.00 

l  .0* 

I  imTEGh  A  T  I  UN 

1*£« age 

.79 

1  .  03 

1.00 

1 .0* 

”e.ST  6  cVaLjATTjiM 
a  vEk AGE 

.90 

.99 

1 .00 

1.01 

Documentation 

A  v  Ek  AGE 

.9'# 

1  .  0* 

1.00 

.99 

PcPkO/InST AlLaTIO^ 
AvEnAGE 

,°o 

1 .  Oo 

l.oo 

.99 

lc.  HEua  rlvE  ImPwCT  uN  maNmOuRS  FROM  A  CHANGE  aN  ThE  NuNoEh  uF  F  lEUDtD  SYSTEMS. 

NUiiStiS  OF  FltLuEu  S  YST tMa 


* 

30 

2u0 

feoO 

1000 

200  0 

PaQulKEitEfoTo  hEvIc* 

1.00 

1  .Oo 

1  .Oo 

1  .Oo 

1 .00 

AVERAGE 

.9o 

.99 

1  .Oo 

1.03 

1  .0« 

OtSiG* 

1  .  Oo 

1 .00 

1  .00 

l  .Oo 

1  .  Oo 

A vEn agE 

.99 

l .  Oo 

1  .Oo 

1.01 

1.03 

OcVELOPmEnT 

1.00 

1 .  Oo 

l  .Oo 

1  .Oo 

1.00 

AVERAGE 

.99 

1  .Oo 

1  .00 

1.01 

1.03 

IkTEGmATIun 

1 .00 

1  .  Oo 

1 .00 

l.OU 

1 .00 

A vEn AGE 

.97 

.99 

1  .Oo 

1.03 

1.0a 

TtST  6  t V A L U A  T  Iiji'J 

1  .  Oo 

l.oo 

1.00 

1  .  Oo 

1  .Oo 

A  VEl<  A«aE 

.9a 

.98 

1.00 

1.01 

1.07 

document  a i ICN 

1 .00 

1 .  Oo 

1.00 

1.00 

1.00 

A  v  Eh  agE 

.99 

1  .Oo 

1  .Oo 

1  .Oo 

1.01 

P  C® 0 /  I  |*S7  ALL  A  7  iQti 

.10 

.30 

1  .Oo 

1  .So 

2. 00 

A  v  E  H  A  toE 

.oc 

.73 

1  .Oo 

1.31 

2.0* 
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13.  kF|_4rivE  I.-tP*Cr  jN  -UNnOuRb  FRUM  A  CriA.vGc  IN  COMPLEXITY. 


CPmPLEaI T T  RaTINg 


1 

2 

i 

4 

5 

******** 

******** 

•«***•** 

*  **  * *  **  n 

R t^U IrEmEwTs  nEvIfc.v 

.7u 

.50 

1.00 

t.r 

arm 

Z>  ao 

a  v  E*  A(,f 

.73 

1.00 

1.57 

2.2V 

DESIGN 

.60 

.So 

1  .  00 

?*.oo 

IrtrrO 

e~.  (Jo 

A  V  E*  A  gE 

.5  2 

.73 

l.Oo 

2.10 

3.51 

OtVtLuPMEwT 

.6v 

.So 

1.00 

7.0* 

~2 

A  v  E  k  A  G  E 

.51 

.7b 

1 .00 

2.  Id 

3.52 

INTEGRATION 

if 

1.00 

Z..OO 

J.OO 

AvErAGE 

.GO 

.So 

1.00 

2.03 

3.33 

TcST  &  cVALUATIoM 

.70 

.  A  o 

1.00 

1.70 

1  .2u 

2  '?r 

K-ytr" 

A  V  Ek  AGE 

.63 

.54 

1.00 

1.70 

2.81 

DliCUMEN  I  A1  ION 

J3f 

.00 

1  .00 

t.ro 

w*rr 

w^r 

A  V  Ek  A(,£ 

.71 

.5? 

l  .00 

1  .63 

2.57 

RtPhO  /  Ii»-S  I'AtLATlOu 

1  .Oo 

l  .00 

1.00 

1.00 

l.Oo 

a vEKAtoE 

.97 

.94 

1.00 

1.05 

1.11 

la.  rEla 1 IvE  Iw° aC r 

ON  MANhOuRs  FRu*  A 

CHA.vGt  in 

RaTe  uf 

CrlAi\iGt . 

rate  OF  change  Rating 

1 

2  3  4 

5 

REQU T RE^En T3  rEvIcw 

.30 

.50 

1.00 

1.10 

i  .20 

A  vEr  A(,£ 

.74 

.5< 

l.Oo 

1 . 3o 

1 .9o 

OtSlGm 

.60 

.73 

1.00 

Z,t» 

AVERAGE 

.76 

.84 

1  .  Oo 

1.54 

2.27 

DcVeLoPmEnT 

.6u 

.73 

1  .  Oo 

fcS? 

i-OO 

t-r*o 

AvErAgE 

.72 

.54 

l  .  00 

1 . 5o 

2.39 

r.r® 

I  .»TcGR  a  1  1  UN 

.So 

.90 

1.00 

Mr 

wwr 

AVERAGE 

.  60 

.si 

l  .Oo 

1  .  So 

2.37 

TdST  4  cVaLUAI TuN 

.60 

.75 

1 .00 

/  -ro 

Wre* 

2-40 

Csi- 

AvEr *GE 

.72 

.52 

l.Oo 

1.5o 

2.29 

t.  75" 

2.r~ 

ooCoMfcNnnoN 

.50 

.73 

1 .00 

Kir 

rryrr 

average 

.60 

.76 

1.00 

1.81 

2.5** 

®C.8RO/I.«STAlLaTIOn 

of 

•J£ 

l.Oo' 

9  ,«30 

Prerr 

A  v  Er  Agc 

.66 

.79 

1.00 

1.02 

1.97 
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APPENDIX  G 

lj.  kEl  4  T I  v  E  I n?  -»C  I  uN  CuST  (NuT  maNhOuRo)  F*n*  A  CHANGE  U.  THt  aKILc  lEvcL  *I> 


SKILL 

LEvEl  Mix 

k  A  T  I  i»G 

l 

2 

3 

4 

s 

««*«**** 

******** 

RtOUlHErtEijTs  k£v  It* 

T** 

1  •  4  v 

1.00 

•it 

A v  Ek  AGE 

2.69 

l.Ta 

1  .Ou 

.81 

,6V 

OESIGn 

S.P* 

1^.00 

mo 

1  .Do 

.-gL 

•**- 

.SO 

.*r 

A  vckAgE 

3 . 1  o 

1 . 44 

1  .ou 

.7b 

.58 

0t VELuPhEn  T 

*3^3  0 
‘S-ftfD 

3..0& 

PTW 

1 .00 

.if 

•1? 

A vEh AGE 

2.97 

t  .so 

l.Ou 

.77 

.54 

InTEGWATI jN 

•5.0  0 

y 

51.00 

Hrg'g" 

1  .00 

^*-er 

A VEn AGE 

3.1  * 

2.0? 

l.Ou 

.77 

.60 

TtSI  &  tVALjATIuN 

3 .  Ou 

1.50 

1 .00 

•4?- 

4SL 

A vEkAGE 

2.60 

1.71 

l.Ou 

.82 

.  7  u 

OUCUMcNF ATIuN 

t  jr* 

1  «T*V* 

1.00 

r4£ 

.If 

r»  i  0 

r  «  u  u 

. A v Eh AGS 

2.1a 

l.«7 

1.00 

.80 

.7o 

RePfcQ/  InS  f  allaT  IOn 

1  .lu 

1 . 00 

1.00 

l.Ou 

l  .00 

a  v  E«  AGE 

1.51 

1.22 

l.Ou 

.4b 

.43 

lo.  RfcL A T 1 Vt  Impact 

On  ,.|A nhQURS 

RnOm  a 

Chan&E  In 

EFFICIcNC*, 

I  HaT  IS 

RaTin  OF  TH£  nUmBc*  OF  CHANGES  COMPLETED  TO  CHANGES  REQUESTED .  FQR 
Example,  if  loo  Changes  *ERE  «EuUES  TEU »  hh  A  T  IS  ThE  RELATIVE  IMPACT  On 
u ANnOuP S  iP  1 u  lO«  lOx)  nERc  COmPuETEu »  ?S  (Ok  25a)?  tTc. 


FFFICIEnCT  k A [ InG 


1  Ox 

25a 

bOx 

?5x 

l  oOi 

acL  phases 

.40 

.  bu 

w-» 

• 

o 

c 

1  .20 

1 . 5o 

A  V£R AGE 

.33 

.44 

1.00 

1.59 

2.43 
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APPENDIX  H 


F  -  111F 


I 


corp)  navigation 

wFAPON  delivery 

BREAK  DOWN  OF  ANNUAL  COSTS  (19B1S) 

HISTORICAL  SYSTrN 

YEAR 

1991 

TOTAL  Annual  COST  13277969. 

total  labor 

DIRECT  LABOR 

503468 

REQUIREMENTS  REVIEW 

33963. 

DESIGN 

56388. 

development 

56375. 

INTEGRATION 

85937. 

TEST  AND  EVALUATION 

100767. 

DOCUMENTATION 

54849. 

reproouction/tnstall 

12274. 

SUPROPT  SOFTWARE 

102916. 

INDIRECT  LABOR 

75211 

SUPERVISION 

47711. 

ADMINISTRATION 

27500. 

TOTAL  SUP°CRT  EQUIPMENT 

dibect 

7567940 

HARDWARE 

5078100. 

SUPPORT  SOFTWARE 

2343800. 

TEST  AIRCRAFT  TImF 

144000. 

reproduction 

20*0. 

general 

5131350 

facility 

29716. 

UTILITIES 

2622. 

furnishings 

612. 

materials  &  SUPPLIES 

6300. 

COmPUTEBS/TER* INALS 

1*000. 

HARDWARE  MAINTENANCE 

5079100. 

578679. 


12699290. 


kt-~. : '  • 


t — 


i 


appendix  k 


F  -  11 IF 


( dFP )  NAVIGATION  WEAPON  DELIVERY 

deoivation  or  direct  l  asor  costs  ar  grade 

HISTORICAL  STSTgN 
YEAR  1  °{j  1 


number  of 

COST  PER 

COST  PER 

OIRECT  LABC‘ 

PHASE 

GRADE  MANNQNTHS 

nANHQ«TH 

GRADE 

COST  ' 

t . 

REQUIREMENTS  BEVEIW 

GS-U 

1.00 

2969. 

2969. 

33963 

GS-13 

0,07 

4390. 

293. 

0-3 

1.00 

3168. 

3168. 

CNTR 

3.93 

7000. 

27533. 

2. 

DESIGN 

GS-U 

1.13 

2969. 

3365. 

56386 

0-3 

0.53 

3168. 

1690. 

CNTR 

7.33 

7000. 

51333. 

3. 

CeVFLOP**£NT 

GS-U 

1.20 

2969. 

3563. 

56375, 

0-3 

0.47 

3168. 

1478. 

CNTR 

7.33 

7000. 

51333. 

4. 

INTEGRATION 

GS-U 

1.00 

2969. 

2969. 

85937, 

0-3 

1.00 

3168. 

3168. 

CNTR 

11.40 

7000. 

79800. 

5. 

TEST  AND  EVALUATION 

GS-U 

2.00 

2969. 

5938. 

100747. 

GS-13 

0.07 

4390. 

293. 

0-3 

2.00 

3168. 

6336. 

CNTR 

12.60 

7000. 

88200. 

5. 

documentation 

GS-U 

1.33 

2969. 

3959. 

54849_. 

0-3 

1.33 

3148. 

4224. 

CNTR 

6.67 

7000. 

46667 . 

7. 

HEPRQ/ INSTALLATION 

GS-ll 

2.00 

2969. 

593*  . 

12274. 

0-3 

2.00 

3148. 

6336. 

SUFPGPT  SOFTV»»kE 

G5-11 

U33 

2969. 

3959. 

10291 6. 

0-3 

1.33 

3168. 

4224. 

CNTR 

13.53 

7000. 

94733. 

TOTAL 

83.60 

6045. 

503468. 

503468, 

NOTE?  ACTUAL  bLOCK  CHANGE  LENGTH  IS  18  NORTHS 
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APPENDIX  H 

F  -  111F 


(HFP)  NAVIGATION  *EAPON  DELIVERY 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  C19»1S) 
HISTORICAL  SYSTEM 
YEAk  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  NANNONTrfS  X  SUPERVISN  RATIO  *  SUPEPVISN  maNmqnTH! 

83.60  X  0.13  *  10.87 

SUPERVISION  MANNONTHS  X  COST/MANMONTH  *  SUPERVISION  COST 
10. B7  X  4390.  *  47711. 


ADMINISTRATIVE 


DIRECT  ANNUALIZED  ON-STTE  MAN#OnTHS  X 
83.60  X 


AD»*NSTIVE  RATIO  *  AOMilSTlVF  MANMON?nS 
0.13  *  10.67 


AC-MNSTTVE  *AN«ONTHS  X  COST/NANNOWTH  X 
10.87  X  1847.  X 


AD1*  COMP-FACT  »  AD-NSTTVE  COST 
1.370  *  27500. 


TO^*L  INDIRECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE 
47711.  ♦  27500. 


INDIRECT  LABOR  COSTS 
75211. 


147 
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appendix  h  I 

F  -  111F  1 


COFP)  NAVIGATION  WEAPON  DELIVERS 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  C1981S) 

HISTORICAL  SYSTEM 
YEAH  1961 


EQUIPMENT 


H AkD* ARE  SUPPORT  SOFTWARE  TOTAL 


INITIAL  COST  ( 1 98 1 S ) 
COST  ( 1 98  IS  ) 

EXPECTED  SYSTEM  LIFE 


50791000. 

50781000. 

10 


23498000. 

23438000. 

10 


74219000. 

74219000. 

10 


ANNUAL  EQUIPMENT  COST  5078100. 


2343800.  7421900. 


TEST  AIRCRAFT/TINE 


ANNUAL  TfcE  NANHONTHS  X  144  a  ANNUAL  TfcE  MANHOURS 
16.08  X  144  a  2400.00 


ANNUAL  TK£  MANHOURS 
2400. uO 


X  TSE  RATIO 
X  0.030 


TEST  AIRCRAFT  HOURS 
72.00 


TEST  AIRCRAFT  HOURS 
72.00 


X  COST/HOUR 
X  2000. 


ANNUAL  AIRCRAFT/TI*E  COST 
144000. 


REPRODUCTION 


NUMBER  OF  FIELDED  SYSTEMS  X  "ED  RfcP-F ACT  X  COST/REPRO  a  REPRODUCTION  COST 

90  X  2.000  X  17.00  a  30b0. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANCE  LENGTH  a  ANNUAL  REPRODUCTION  COST 
3060.  X  12  /  18  a  2040. 


DIRECT  SUPPORT  EOUIP«£NT  COSTS 


DIRECT  HARDWARE  COST  5078100. 

DIPECT  SOFTWARE  COST  2343800. 

AIRCRAFT/TTNE  COST  144000. 

♦  REPRODUCTION  COST  2040. 


OJPECT  SUPPORT  £QUIP"SNT  COST  7567940. 
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APPENDIX  H 

F  -  1 1  IF 


( OF® )  NAVIGATION  weapon  delivery 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

HISTORICAL  SYSTt* 

YEAR  1*81 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  "ANHONTHS 
83.60 


ANNUAL 

SUPERVISION  NANHONTHS 

/ 

12 

10.97 

/ 

12 

ANNUAL 

ADMINISTRATIVE 

nanmqnths 

/ 

10.87 

/ 

NO. 

OF 

DIRECT  SUPPORT 

PEOPLE 

7 

NO. 

OF 

SUPERVISORS 

1 

MO. 

OF 

administrators 

1 

NC. 

OF 

PEOPLE 

9 

FACILITY 


/  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 
/  12  *  7 

*  NO.  OF  SUPERVISORS 

*  1 

12  x  NO.  OF  ADMINISTRTRS 
12  x  1 


DIRECT  SUPPORT  PEOPLE  X  RED.  TECHNICAL  SPACE/PERSON  s  REO.  WORKING  SPACE 
7  X  275.  x  1925.00 

(SUPCRVSRS  ♦  AONNSTRTRS)  X  REO.  SUPERVISORY  SPACE/PERSON  x  ADDITIONAL  SPAC 
Cl  ♦  1  ).X  130.  x  260.00 

REQUIRED  WORKING  SPACE  *  ADDITIONAL  SPACE  *  TOTAL  SPACE 
1«25.00  *  260.00  x  2185.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
2105.00  X  136.00  a  297160* 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  s  ANNUAL  FACILITY  COST 
297160.  /  10  x  29716. 


UTILITIES 


TOTAL  SPACE  X  COST/SQUARE  FOOT  *  UTILITY  COST 
21*5.00  X  1.20  *  2622. 
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F  -  1UF 


(OF®)  NAVIGATION  weapon  oflivery 

dekIvatiof  of  annual  general  support  equipment  costs  ri98t$) 

HISTORICAL  STSTEN 
YEAR  1981 


FURNTSHINGS 


TOTAL  PERSHNS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
9  X  690.  *  6120. 

INITIAL  FUNRNISWINGS  COST  /  EXPECTED  STSTEN  LIFE  *  ANNUAL  FURNISHINGS  COST 
6120.  /  10  *  812. 


MATERIALS  AND  SUPPLIES 


TCTAL  PERSONS  X  COST/PERSON  a  MATERIALS  £  SUPPLIES  COST 
9  X  700.  a  6300. 


COMPUTERS /TERM INALS 


NG.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  a  INITIAL  CO*P  T^R*  COST 
7  X  20000.  a  140000. 

INITIAL  COMP  TER*»  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TERM  COST 
140000.  /  10  *  14000. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  (1981$ )  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  COS 
50791000.  X  0.10  a  5078100. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST  29716. 

UTILITY  COST  2622. 

PUPNISMIMGS  COST  612. 

MATERIALS  £  SUPPLIES  COST  6300. 

FCMPUTERS/TEPMINALS  COST  14000. 

*  MAROWARE  MAINTENANCE  COST  5078100. 


GENERAL  SUPPORT  EQUIPMENT  COST 


5131350 


■I 

I 
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1  (EW)  Jammer 

Historical  System 

i 

i 


i 
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ALQ  -  131 


CEw)  jammer 

B«£A*  DO»n  of  ANNUAL  COSTS  C1981S1 
HISTORICAL  SYSTEM 
TEAR  1981 


total  annual  cost 


"31074. 


TOTAL  LABOR 

DIRECT  LABOR 

requirements  review 

DESIGN 

development 

INTEGRATION 

TEST  AnO  EVALUATION 

documentation 
reproduction/ install 

SUPPORT  SOFTWARE 
INDIRECT  labor 
SUPERVISION 
ADMINISTRATION 

TOTAL  SUPPORT  EQUIPMENT 
DI®ECT 

HARDWARE 

SUPPORT  SOFTWARE 
TEST  AIRCRAFT  TIME 
REPRODUCTION 
GENERAL 

FACILITY 
UTILITIFs 
FURNISHINGS 
MATERIALS  &  SUPPLIES 

COMPUTERS /terminals 

HARDWARE  MAINTENANCE 


11542. 

18694. 

18694. 

18694. 

♦7302. 

40150. 

7152. 

10726. 

26823. 

11255. 


5*600 . 
249600. 
187200. 
1126. 

9248. 

1632. 

204. 
420u. 
*000. 
1 09200  . 


172956. 


38108. 


491526. 


128*84. 


21106* 


620010. 


152 
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ALQ  -  131 


(EW)  JAMMER 


DERIVATION 

OF  DIRECT 

LABOR  COSTS 

BY  GRADE 

HISTORICAL  SYSTEM 

YEAR 

1981 

NUMBER  OF 

COST  PER 

COST  PER 

DIRECT  LABOF 

phase 

GRADE 

MANMONTHS 

nanmohth 

GRADE 

COST 

t . 

REQUIREMENTS  reveim 

11542. 

GS-12 

2.00 

3576. 

7152. 

<35-13 

1.00 

4390. 

4390. 

2. 

DESIGN 

GS— 1 2 

4.00 

3576. 

14304. 

18694. 

G5-13 

1.00 

4390. 

4390. 

3. 

DEVELOPMENT 

GS-12 

4.00 

3576. 

t  4304 . 

18694. 

GS- 13 

1.00 

4390. 

4390. 

A. 

integration 

GS-12 

4.00 

3576. 

14304. 

18694. 

GS-13 

1.00 

4390. 

4390. 

5. 

TEST  ANP  EVALUATION 

GS-12 

12.00 

3576. 

42912. 

47302. 

GS-13 

I. 00 

4390. 

4390. 

6. 

DOCUMENTATION 

GS-12 

10.00 

3576. 

35760. 

40150. 

GS-13 

1.00 

4390. 

4390. 

7  . 

sepro/installatton 

7152. 

GS-12 

2.00 

3576. 

7152. 

4. 

suppgrt  softwarf 

GS-12 

3.00 

3576. 

10728. 

10728. 

TOTAL 

47.00 

3638. 

1T2956. 

172956. 

NOTE:  ACTUAL  BLOCK  CHANGE  LENGTH  IS  12  MONTHS 


r  ♦' 
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ALQ  -  131 


(£W)  JAM**EP 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  U981S) 
HISTORICAL  SYSTE** 

YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  MAN*ONTHS  X  SUPEPVTSN  RATIO  *  SUPERVISN  maNNGNTH* 

41.00  X  0.13  «  6.11 

SUOEPVTSIQN  MANMONTHS  X  COST/man»»GNTH  *  SUPERVISION  COST 
6.11  X  4390.  *  26823. 

ADMINISTRATIVE 

DIRECT  ANNUALIZED  ON-SITE  MANNOnTHS  X  ADMNSTIVE  RATIO  *  AD-nSTIVE  MANMONTHS 
47.00  X  0.13  *  6.11 

ADMNSTTVE  MANMONTHS  X  COST/NANNONTH'  X  ADN  COMP-FACT  *  ADMNSTIVE  COST 
6.11  X  1847.  X  1.000  *  11285. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE 
26823.  ♦  11285. 


INDIRECT  LABOR  COSTS 
38108. 
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ALQ  -  131 

CE-l  JAMMER 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EOUIP**E»»T  COS^S  (1981S) 

HISTORICAL  STSTt" 

YEAR  1981 


equipment 


HARDWARE  SUPPORT  SOFTWARE  TOTAL 


INITIAL  COST  C19R1S) 
COST  (1991$) 

EXPECTED  SYSTEM  LIrE 


1092000. 
1 092000. 
20 


4972000. 

49T2000. 

20 


6064000. 

6064000. 

20 


annual  EQUIPMENT  COST  54600. 


2*8600 .  303200. 


TEST  AIRCRAFT/TI-E 


ANNUAL  T&E  maainoNTHS  X  144 
7.81  X  144 


ANNUAL  t&e  manhours 

1872.00 


ANNUAL  T&E  MANHOURS 
1872.00 


X  ?&E  PATIO  *  TEST  AIRCRAFT  HOURS 
X  0.050  *  93.60 


TEST  AIRCRAFT  HOURS 
93.60 


X  COST/HOUR 
X  2000. 


a  ANNUAL  AIRCRAFT/TINE  COST 
a.  187200. 


reproduction 


number  OF  FIELDED  SYSTEMS  X  MED  PEP-FACT  X  COST/PEPRO  a  REPRODUCTION  COST 

268  X  0.120  X  35.00  a  1126. 


REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  a  ANNUAL  REPRODUCTION  COST 
1126.  X  12  /  12  a  1126. 


DIRECT  5UPPCPT  EQUIPMENT  COSTS 


DIPECT  HARDWARE  COST 

54600. 

OIPECT  SOFTWARE  COST 

248600. 

AIPCPAFT/TTME  COST 

187200. 

reproduction  cost 

1 126. 

OIPECT  SUPPORT  EQUIPMENT  COST 

491526, 
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(£■»)  JAM*EP 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (1981S) 

HISTORICAL  SYSTE* 

YEAR  1981 


t»EOPLE  REQUIRED 


OEQUIRED  ANNUAL  ON-SITE  NANNONTHS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 


47.00 

/  12  a 

4 

ANNUAL 

SUPFRVISION  NANNQNTHS  / 

12 

a  NO.  OF 

SUPERVISORS 

6.11 

/ 

12 

X 

1 

annual 

administrative 

hanmonths 

/ 

12  a  NO. 

OF  ADMINISTPTRS 

6.11 

/ 

12  a 

1 

NO.  OF 

direct  SUPPORT 

PEOPLE 

4 

NO.  OF 

SUPERVISORS 

1 

♦  NO.  OF 

administrators 

1 

NO.  OF 

people 

6 

FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REO.  TECHNICAL  SPACE/PERSON  a  R£0.  FORKING  SPACE 
4  X  275.  a  1100.00 

(S'JPERVSRS  *  ■  AO«NSTRTRS )  X  REO.  SUPERVISORY  SPACE/PERSON  s  ADDITIONAL  SPACF 
Cl  ♦  1  IX  13?-  *  260.00 

REQUIRED  MORNING  S»ACE  «•  ADDITIONAL  SPACE  a-  TOTAL  SPACE 
1100.00  ♦  260.00  a  1360.00 

TOTAL  SPICE  X  COST/SOUARE  FOOT  *  FACILITT  COST 
1360.00  X  136.00  *  1*4960. 

FACILITY  COST  /  EXPECTED  SISTER  LIFE  *  ANNUAL  FACILITY  COST 
1«4«60.  /  20  *  9248. 


UTILITIES 


TOTAL  SPACE  X  COST/SOUARE  ROOT  *  UTILITY  COST 
1360.00  X  1.20  a  1432. 
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CEM)  JAM*E® 

DFRIVATIC*  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  Cl9«lS) 

HISTORICAL  SYSTE* 

YEAR  1981 


e-UPMSHINGS 


TCTAL  PERSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
6  X  680.  *  40*0 « 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTE*  LIFE  =  ANNUAL  FURNISHINGS  COST 
♦080.  /  20  *  204. 


-ATEPIALS  Awn  SUPPLIES 


i 


TOTAL  PEPSONS  X  COST/PERSON  *  MATERIALS  &  SUPPLIES  COST 
6  X  700.  *  4200. 


COMPPTERS/ TERMINALS 


«C.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  s  INITIAL  CO*P  TER*  COST 
4  X  20000.  *  80000. 


INITIAL  CO*P  TER*  COST  /  EXPECTED  SYSTEM  LIFE 
*0000 .  /  20 


*A»D*APE  "AINTENANCE 


ANNUAL  COMP  TERM  COST 
4000. 


«A®D*ARE  COST  ( 1 98 ! $  1  X  MAINTENANCE  RATIO 
1092000.  X  0.10 


GEM£PA‘L  SUPPORT  EQUIPMENT  COST 


ANNUAL  HARDWARE  MAINTENANCE  CO.' 
109200. 


FACILITY  COST 
UTILITY  COST 
HJPNISHIMGS  COST 
MATERIALS  4  SUPPLIES  COST 
CO*PUTERS/T£R*rNALS  COST 
*  MAPDMAPE  MAINTENANCE  cost 


9248. 

1632. 

204. 

4200. 

4000. 

109200. 


GENERAL  SUPPORT  EQUIPMENT  COST 


128484 
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appendix  h 

F- 16  FCC 


(OF*)  FIRF 

CONTROL 

BPEAA  OOwW  OF  ANNUAL  COSTS  (1981$) 

HISTORICAL 

SYSTEM 

YEA»  1981 

total  Annual  COST  2339587. 

TOTAL  LABOR 

DIRECT  LABOR 

326371. 

REQUIREMENTS  REVIEW 

57715. 

DESIGN 

4R988. 

DEVELOPMENT 

38643. 

integration 

21189. 

TEST  AnO  EVALUATION 

45029. 

DOCUMENTATION 

26816. 

REPROOUCTTON/INSTALL 

1668. 

SUPPORT  SOFTWARE 

86323. 

INDIRECT  LABOR 

76216. 

SUPERVISION 

53646. 

ADMINISTRATION 

22570. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

788493. 

HARDWARE 

447400. 

SUPPORT  SOFTWARE 

223720. 

TEST  AIRCRAFT  TINE 

1 0°440. 

REPRODUCTION 

7933. 

general 

1148506. 

FACILITY 

13382. 

UTILITIES 

2952. 

FURNISHINGS 

272. 

MATERIALS  6  SUPPLIES 

7000. 

CPMPU^ERS/TERNINALS 

6400. 

hardware  maintenance 

1119500. 

40258?. 


1937000. 
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APPENDIX  H 

F- 16  FCC 

COFP1  FIRF  CONTROL 

DERIVATION  OF  DIRECT  LABOR  COSTS  BY  GRADE 

historical  syste* 

TEAR  1981 


NUMBER  of 

COST  PER 

COST  PER 

DIRECT  LABO 

PHASE 

GRADE 

manmonths 

MANNONTH 

GRADE 

COST 

1. 

REQUIREMENTS  REVEIW 

57715 

GS-11 

4.00 

2969. 

11876. 

GS-12 

12.00 

3576. 

42912. 

GS-13 

0.67 

4390. 

2927. 

2. 

DESIGN 

GS-11 

2.67 

2969. 

7«17. 

48988 

GS-12 

10.67 

3576. 

38144. 

GS-13 

0.67 

4390. 

2927. 

3. 

development 

GS-11 

4.00 

2969. 

11876. 

38643 

GS-12 

6.67 

3576. 

23840. 

GS-13 

0.67 

4390. 

2927. 

4. 

INTEGRATION 

GS-11 

1.33 

2969. 

3959. 

21189 

GS-12 

4. 00 

3576. 

14304. 

GS-13 

0.67 

4390. 

2927. 

3. 

TEST  ANO  EVALUATION 

GS-11 

1.33 

2969. 

3959. 

45029 

GS-12 

10.67 

3576. 

38144. 

GS-13 

0.67 

4390. 

2927. 

8. 

documentation 

GS— 9 

0.67 

2502. 

1668. 

26816 

GS-11 

2.67 

2969. 

7917. 

GS-12 

4.00 

3576. 

14304. 

GS-13 

0.67 

4390. 

2927. 

7. 

REPRO/ INSTALLATION 

G5-9 

0.67 

2502. 

1668. 

1668 

9. 

SUPPORT  SOFTWARE 

GS-11 

4.00 

2969. 

11876. 

86323 

GS-12 

20.00 

3576. 

71520. 

GS-13 

0.67 

4390. 

2927. 

TOTAL 

94.00 

3325. 

326371  . 

326371 , 

NOTE:  ACTUAL  BLOCK  CHANGE  LENGTH  IS  18  MONTHS 
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APPENDIX  H 


F-16  FCC 


(OF?)  fire  control 

OFRI VATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  (1981SJ 
HISTORICAL  SYSTEM 
YEAR  1981 


SUPERVISION 

DIRECT  ANNUALIZED  ON-SITF  MANnOnTHS  X  SUPERVISN  RATIO  *  SUPERVISN  maNNOMTH! 

94.00  X  0.13  x  12.22 

SUPERVISION  “ANNON^HS  X  COST/M ANNONTH  a  SUPERVISION  COST 
12.22  X  4390.  a  53646. 

ADMINISTRATIVE 

DIRECT  ANNUALIZED  ON-SITE  NANMONTHS  X  AD*NSTIVE  RATIO  a  AOMNSTTVE  MANMQnTHS 
94.00  X  0.13  a  12.22 

ADMNSTIVE  NANN0NTH5  X  COST/HANNONTH  X  AON  COMP-FACT  a  ADMNSTIVE  COST 
12.22  X  1847.  .  X  1.000  a  22570. 

TOTAL  IhOIPECT  LABOR 

SUPERVISION  ♦  AQNINISTRATIVE  a  INDIRECT  LABOR  COSTS 
53646.  ♦  22570.  a  76216. 
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F- 16  FCC 


COFP)  FIRE  CONTROL 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  C19«1S) 

historical  syste* 

YEAR  1981 


equipment 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  (1981S) 

11185000. 

5593000. 

16778000 

CCST  C 1981S ) 

11185000. 

S593000. 

16779000 

EXPECTED  SYSTEM  LIFE 

25 

25 

25 

ANNUAL  EQUIPMENT  COST 

447400. 

223720. 

671120 

TEST  A IRCP A FT/TI*E 


annual  tse  manmonths  x  144 
18.25  X  144 


ANNUAL  TiE  MANHOURS 
1824.00 


ANNUAL  T«  MANHOURS 
1824.00 


X  TEE  RATIO  »  TEST  AIRCRAFT  HOURS 
X  0.030  ar  54.72 


TEST  AIRCRAFT  HOURS 
54.72 


X  COST/HOUR  *  ANNUAL  AIRCRAFT/TINE  COST 
X  2000.  *  109*40 . 


®EPRODUCTION 


NUMBER  OF  FIELDED  SYSTEMS  X  NED  PEP-FACT  X  COST/REPRO  *  REPRODUCTION  COS* 

350  X  2.000  X  17.00  »  UPOO. 

REPRODUCTION  COST  X  12  /  BLOCX  CHANCE  LENGTH  *  ANNUAL  REPRODUCTION  COST 
11900.  X  12  /  18  *  7933. 


DIRECT  SUPPORT  £OUIPN£NT  COSTS 


447400. 

223720. 

109440. 

7933. 


788493. 


DIRECT  HARDWARE  COST 
DIRECT  SOFTWARE  COST 
AIRCRAFT/TIME  COST 
♦  REPRODUCTION  COST 

DIRECT  SUPPORT  EQUIPMENT  COST 
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F- 16  FCC 


(QFP ) ' FIRE  CONTROL 


DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

HISTORICAL  system 
YEAR  1081 


BSOPLE  REQUIRED 


»EOUIPED  ANNUAL  ON-SITE  MANMONTHS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 
94.00  /  12  a  8 

ANNUAL  SUPERVISION  NAn«ONTHS  /  12  *  NO.  OF  SUPERVISORS 

12.22  /  12  *  l 

ANNUAL  ADMINISTRATIVE  MANMONTHS  /  12*  NO.  OF  ADMINISTPTRS 

12.22  /  12  *  1 

NC.  OF  DIRECT  SUPPORT  PEOPLE  8 

NO.  OF  SUPERVISORS  1 

♦  NO.  OF  ADMINISTRATORS  1 

NO.  OF  PEOPLE  10 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REO.  TECHNICAL  SPACE/PERSC7N  *  R£Q.  *0RKING  SPACE 
8  X  275.  a  2200.00 

(SUPERV5R5  ♦  ADMNSTRTRS)  X  REO.  SUPEPVISORT  SPACE/PERSON  a  ADDITIONAL  SPAC 
(1  ♦  1  )  X  130.  *  260.00 

REQUIRED  FORMING  SPACE  +  ADDITIONAL  SPACE  *  TOTAL  SPACE 
2200.00  ♦  260.00  a  2460.00 

TOTAL  SPACE  X  COST/SOUARE  FOOT  a  FACILITY  COST 
2460.00  X  136.00  a  334560. 

facility  cost  /  expected  system  life  a  annual  facility  cost 

334560.  /  25  a  13382. 


UTILITIES 


TOTAL  SPACE  X  COST/SQUARE  FOOT 
2460.00  X  1.20 


UTILITY  COST 
2952. 
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F- 16  FCC 

COFP)  FIRE  CONTROL 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (1981$) 

HISTORICAL  SYSTEM 
YEAR  1981 


FUPNISHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  s  INITIAL  FURNISHINGS  COST 
10  X  680.  *  6800. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FURNISHINGS  COST 
6800.  /  25  *  272. 


MATERIALS  and  supplies 


total  PERSONS  X  COST/PERSON  a  MATERIALS  4  SUPPLIES  COST 
10  X  700.  *  7000. 


COMPUTERS/TERNINALS 


"0.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  a  INITIAL  COMP  TERN  COST 
8  X  20000.  a  160000. 

INITIAL  CO«*P  TER*  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TERM  COST 
160000.  /  25  a  6400. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  (1981$)  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  COS 
11185000.  X  0.10  *  1118500. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 

13382. 

UTILITY  COST 

2952. 

FURNISHINGS  COST 

272. 

MATERIALS  4  SUPPLIES 

COST 

7000. 

COMPUTERS /TERMINALS 

COST 

6400. 

HARDWARE  MAINTENANCE 

COST 

1118500. 

GENERAL  SUPPORT  CQ»I®mEnT  COST 

1148506. 
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APPENDIX  H 

ALR  -  62 


CtW)  RECEIVER 

BREAK  DOWN  OF  ANNUAL 

COSTS  (1981s) 

HISTORICAL  SYSTEM 

YEAR  19*1 

TOTAL  ANNUAL  COST  1161813. 

TOTAL  LABOR 

DIRECT  LABOR 

217256. 

REQUIREMENTS  REVIEW 

7152. 

DESIGN 

53150. 

development 

54997. 

INTEGRATION 

31998. 

TEST  AND  EVALUATION 

17846. 

DOCUMENTATION 

17846. 

REPRODUCTION/ install 

5423. 

SUPPORT  SOFTWARE 

288*4. 

INDIRECT  labor 

37621. 

SUPERVISION 

25682. 

ADMINISTRATION 

11939. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

708800. 

HARDWARE 

165400. 

SUPPORT  SOFTWARE 

101800. 

TEST  AIRCRAFT  TIME 

72000. 

reproduction 

369600. 

GENERAL 

198136. 

FACILITY 

18496. 

UTILITIES 

1632. 

FURNISHINGS 

408. 

MATERIALS  6  SUPPLIES 

4200. 

COMPUTERS/TERMINALS 

8000. 

hardware  maintenance 

1S540U. 
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APPENDIX  H 

ALR  -  62 


CEiO  RECEIVER 


DERIVATION 

OF  DIRECT 

LABOR  COSTS 

3Y  GRADE 

HISTORICAL  SYSTEM 

YEAR 

1  OB  1 

number  of 

COST  PEP 

COST  per 

DIRECT  LABOR 

PHASE 

GRADE 

MAN**QNTHS 

man.month 

GRADE 

COST 

REQUIREMENTS  REVEIn 

GS-12 

2.00 

3576. 

7152. 

7152. 

DESIGN 

GS-7 

2.00 

1847. 

3684. 

53150. 

GS-12 

6.00 

3576. 

21456. 

CNTn 

4 .00 

7000. 

28000. 

DEVELOPMENT 

GS-7 

3.00 

t847. 

5541. 

54997. 

GS-12 

6.00 

3576. 

2 1456 . 

CnTR 

4.00 

7000. 

28000. 

integration 

GS-7 

2.00 

1847. 

4684. 

31998. 

GS-12 

4.00 

357b  . 

14304. 

CNTR 

2.00 

7000. 

14000. 

TEST  AN"  EVALUATION 

GS-7 

2.00 

1847. 

3694. 

17846. 

GS-12 

2.00- 

3576. 

7152. 

CNTR 

1.00 

7000. 

7000. 

documentation 

GS-7 

2.00 

1847. 

3684. 

17846. 

GS-12 

2.00 

3576. 

7152. 

CnTR 

1.00 

7000. 

7000. 

REPRO/IKSTALLATION 

GS-7 

1.00 

1847. 

1947. 

5423. 

GS-12 

t  .00 

3576. 

3576. 

SUPPORT  SOFTV.AHE 

GS-7 

4.00 

1847. 

7  389. 

28844. 

GS-12 

6.00 

3576. 

21456. 

TOTAL 

57.00 

3844. 

217256. 

217256. 

NO*t:  ACTUAL  BLOCK  CHANGE  LENGTH  IS  12  MONTHS 
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AL*  -  62 


(E.O  RECEIVER 

derivation  of  annual  indirect  labor  costs  c i 9e i s > 
HISTORICAL  SYSTEM 
YEAR  198 \ 


SUPERVISION 


niPFCT  ANNUALIZED  ON-SITE  MANmOnTkS  X 
45.00  X 


SUBEPVISN  PATIO 
0.13 


SUPER V ISN  NANNONTHS 
5.85 


SUPERVISION  MANNONTHS  X  COST/* ANMQNTH 
5.85  X  4390. 


SUPERVISION  COST 
25682. 


ADMINISTRATIVE 


DIRECT  ANNUALIZED  ON-SITE  MAMmONTHS  X 
45.00  X 


ADMNSTIVE  PATIO  a  ADMNSTI VE  MANMONTHS 
0.13  a  5.85 


ADMNSTIVE  maNMOnTHS  X  COST/NA«f»UNTH  X 
5.85  X  1847.  X 


ADM  CO*P-FACT 
1.105 


ADMNSTIVE  COST 
11939. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  *■  ADMINISTRATIVE  a  INDIRECT  LABOR  COSTS 
25682.  ♦  11939.  a  37621. 
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AlR  -  62 


(E*>  RECEIVER 

DERIVATION  Of  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (1981S) 

HISTORICAL  SYSTE* 

YEAR  1 9b 1 


EQUIPMENT 


HARDwARF 

SUPPORT  SOFTWARE 

total 

INITIAL  COST  ( 1 98 1 S ) 

1 654OU0. 

ioibooo. 

2672000 

COST  (1981S) 

1654000. 

loiaooo. 

2672000 

FXPECTED  SYSTEM  LIFE 

10 

10 

10 

annual  equipment  cost 

165400. 

101600. 

267200 

TEST  AIRCRAFT /TIME 


ANNUAL  TEE  MANMQNTHS  X  144  =  ANNUAL  T&F  MANHOURS 
2.21  X  144  a  720.00 

ANNUAL  TfiE  MANHOURS  X  TSE  RATIO  a  TEST  AIRCRAFT  HOURS 
720.00  X  0.050  a  36.00 

TEST  AIRCRAFT  HOURS  X  COST/HOUP  a  ANNUAL  AIRCR»FT/TIWE  COST 
36.00  X  2000.  =  72000. 

reproduction 


NUMBER  OF  FIELDED  SYSTEMS  X  MED  »EP-FaCT  X  COST/PEPRO  *  REPRODUCTION  COST 
300  X  61.600  X  20.00  a  369600. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  a  ANNUAL  REPRODUCTION  COST 
369600.  X  12  /  12  a  369600. 

DIRECT  SUPPORT  EOUIP-ENT  COSTS 


DIPECT  HARDWARE  COST  165400. 

DIRECT  SOFTWARE  COST  lOtbOO. 

AIRCRAFT/TIME  COST  72000. 

♦  REPRODUCTION  COST  369600. 


DIPECT  SUPPORT  EQUIPMENT  COST  70R800. 
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ALR  -  62 

(Evn  RECEIVE* 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

HISTORICAL  SYSTE“ 

YEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  MANMONTHS 
45.00 


ANNUAL 

SUPERVISION  MANMQNTHS 

/  12 

5.85 

/  12 

ANNUAL 

ADMINISTRATIVE 

“ANMONTHS  / 

5.85 

/ 

NG. 

OF 

DIRECT  SUPPORT 

PEOPLE 

4 

NC. 

OF 

SUPERVISORS 

1 

NO. 

OF 

ADMINISTRATORS 

1 

NQ. 

OF 

PEOPLE 

6 

/  12  s  NO.  OF  DIRECT  SUPPORT  PEOPLE 
/  12  s  4 

=  NO.  OF  SUPERVISORS 
=  1 

12  a  NO.  OF  AQWINISTRTRS 
12  =  1 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REQ.  TECHNICAL  SPACE/PERSON  a  REQ.  FORKING  SPACE 
4  X  275.  *  1100.00 

(SUPER VSRS  +  ADMN5TRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  a  ADDITIONAL  SPACE 
(  1  ♦  1  IX  130.  a  260.00 

REQUIRED  «ORKING  SPACE  *  ADDITIONAL  SPACE  *  TOTAL  SPACE 
1100.00  ♦  260.00  a  1360.00 

TGTAL  SPACE  X  COST/SQUARE  FOOT  a  FACILITY  COST 
1360.00  X  136.00  a  184960. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  FACILITY  COST 
184960 .  /  10  a  18496. 


UTILITIES 


total  SPACF  X  COST/SOUAKE  FOOT  a  UTILITY  COST 
1360.00  X  1.20  a  1632. 
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ALR  -  62 

(EW  )  RECEIVER 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  Ci98lS) 

HISTORICAL  SYSTEM 
YEAR  1981 


FURNISHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  CjST 
6  X  680.  a  4080. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTEO  SYSTEM  LIFE  a  ANNUAL  FURNISHINGS  COST 
4080.  /  10  a  408. 


••ATEPIALS  AND  SUPPLIES 


TOTAL  PEPSONS  X  COST/PERSUN  a  MATERIALS  S  SUPPLIES  COST 
6  X  700.  a  4200. 


COMPUTERS /TERM INALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PFRSON  a  INITIAL  COMP  TERM  COST 
4  X  20000.  a  80000. 

INITIAL  COMP  TERM  COST  /  EXPECTED' SYSTFM  LIFE  a  ANNUAL  COMP  TERM  COST 
80000.  /  10  a  8000. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  (1981$!  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  CO 
1654000.  X  O.tO  a  165400. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST  18496. 

UTILITY  COST  1632. 

FuPNISHIMGS  COST  408. 

MATERIALS  &  SUPPLIES  COST  4200. 

Cdm^UTERS/TEPmInALS  COST  8000. 

♦  HAPOWASE  MAINTENANCE  COST  165*00. 


GENERAL  SUPPORT  EQUIPMENT  COST  1 98  t  36 . 
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Historical  System 
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APR  -  38 


(E*)  integrated  sister 


BREAK  DO*N  OF  ANNUAL  COSTS  (l«81Sl 

HISTORICAL 

SYSTEM 

TEAR  1981 

TOTAL  ANNUAL  COST  241292u. 

TOTAL  LABOR 

DIRECT  LABOR 

227972. 

requirements  revier 

21670. 

DESIGN 

37869. 

DEVELOPMENT 

34293. 

integration 

38336. 

TEST  AND  EVALUATION 

64079. 

documentation 

3172S. 

REPRODUCTION/ INSTALL 

0. 

SUPOORT  SOFTWARE 

0. 

INDIRECT  LABOR 

60811. 

SUPERVISION 

42803. 

administration 

18008. 

1CTAL  SUPPORT  EQUIPMENT 

DIRECT 

1 644787  , 

hardware 

426100. 

SUPPORT  SOFTWARE 

426200. 

TEST  AIBCPAFT  TTME 

792000. 

ftEPRC-OUCTION 

487. 

GENERAL 

479350. 

facility 

29716. 

UTILITIES 

2o22. 

FURNISHINGS 

612. 

MATERIALS  &  5UPPLTES 

6300. 

COMPUTERS /TERM jnaLS 

14000. 

HAkOn ARE  RAInTENANCF 

426100. 

288783. 


2124137. 
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APR  -  38 


CEVn  INTEGRATED  SYSTEM 


DERIVATION  or  DIRECT  labor  costs  by  grade 
HISTORICAL  SYSTEM 
YEAR  1981 


NUMBER  of 

COST  PER 

COST  PER 

DIRECT  LABOR 

PHASE 

GRADE 

HAWORTHS 

manmonth 

GRADE 

COST 

1.  REQUIREMENTS  R£VEI* 

21670. 

GS-9 

2.00 

2502. 

5004. 

G5-U 

2.00 

2969. 

5938. 

GS-12 

3.00 

3576. 

10728. 

2.  DESIGN 

GS-9 

3.00 

2502. 

7506. 

37869. 

GS-ll 

3.00 

2969. 

8907. 

GS-12 

6.00 

3576. 

21456. 

3.  DEVELOPMENT 

GS-9 

3.00 

2502. 

7506. 

34293. 

G5-1I 

3.00 

2969. 

8907. 

GS-12 

5.00 

3576. 

17880. 

4 »  I*TEG»ATION 

GS-9 

2.00 

2502. 

5004. 

38336. 

G5-11 

4.00 

2969. 

11876. 

GS-12 

S.00 

3576. 

21456. 

5.  TEST  AND  EVALUATION 

- 

64079. 

GS-9 

6.00 

2502. 

15012. 

GS-ll 

3.00 

2969. 

8907. 

GS-12 

9.00 

3576. 

32184. 

O-l 

4.00 

1994. 

7976. 

5.  documentation 

GS-9 

2.00 

2502. 

5004. 

31725. 

GS-ll 

9.00 

2969. 

26721. 

7.  R? PRO/ INSTALLATION 

0. 

a.  SUPPORT  SOFTWARE 

c. 

TOTAL 

75.00 

3005. 

227972. 

227972. 

NOTE:  ACTUAL  BLOCK  CHANGE  LENGTH  IS  12 

MONTHS 
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APR  -  38 


C£W)  INTEGRATED  SYSTE* 

DERIVATION  CF  ANNUAL  INDIRECT  LABOR  COSTS  (1981S) 
HISTORICAL  SYSTE* 

YEA h  1981 


SUPERVISION  I 

.  | 

DIRECT  ANNUALIZED  On-STTE  *ANNONThS  X  SUPERVISN  RATIO  *  SUPERVISN  *ANMONTHSj 
75.00  X  0.13  *  9.75 

SUPERVISION  MANrfONTHS  X  COST/NANNONTH  a  SUPERVISION  COST 
9.75  X  4390.  s  42803. 


ADMINISTRATIVE  ] 

DIRECT  ANNUALIZED  ON-SITE  NAWMONTHS  X  ADMnfSTTVE  PATIO  *  ADRNSTI VE  *Al»HONTHS 
75.00  •  X  0.13  »  9.75 

ADNNSTIVE  NANMONTHS  X  COST/* AN*ONTH  . X  AD*  COUP-FACT  *  A D*NSTIVE  COST 
9.75  X  1847.  X  1.000  *  18008. 

TOTAL  INDIRECT  LABOR  “i 


SUPERVISION  *  AO"INISTRATIVE  *  INDIRECT  LABOR  COSTS 
*2803 .  *  18008.  *  60811. 


i 
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£  E* )  INTEGRATED  SYSTEM 

DERIVATION  Of  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (lyRlS) 

HISTORICAL  SYSTEM 
YEAR  1981 


EQUIPMENT 


INITIAL  COST  C1981S) 
COST  ( 1981$) 

EXPECTED  SYSTEM  LIFE 


HARDWARE 

4261000. 

4261000. 

10 


SUPPORT  SOFTWARE 


4262000. 

4262000. 

10 


TOTAL 

8523001. 

8523001, 

10 


ANNUAL  EQUIPMENT  COST  426100. 


426200.  852300. 


TEST  AIRCRAFT/TINE 


ANNUAL  T6E  NANNONTNS  X  144  *  ANNUAL  T&E  MANHOURS 
16.58  X  144  s  3168.00 

ANNUAL  T&E  MANHOURS  X  T&E  RATIO  »  TEST  AIRCRAFT  HOURS 
3168.00  X  0*050  *  158*40 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  »  ANNUAL  AIRCRAFT/TIME  COST 
158.40  X  5000.  *.  792000. 


REPRODUCTION 


NUMBER  OF  FIELDED 

lib 


SYSTEMS  X  MED 
X 


REP-FACT  X  COST/REPRO  *  REPRODUCTION  COST  j 
0*120  X  35.00  *  487. 


REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  *  ANNUAL  REPRODUCTION  COST  ] 
487.  X  12  /  12  *  487. 


DIPECT  SUPPORT  EQUIPMENT  COSTS 


OIPECT  HARDNARE  COST 
DIRECT  SOFTWARE  COST 
AIRCRAFT/TIME  COST 
♦  REPRODUCTION  COST 


426100. 

426200. 

792000. 

487. 


DIRECT  SUPRQRT  EQUIPMENT  COST 


1644787 
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<£W)  INTEGRATED  SYSTEM 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

HISTORICAL  SYSTE»* 

YEAR  1 9b 1 


°Er>pr.£  required 


REQUIRED  ANNUAL  ON-SITE  *»ANHONTHS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 
75.00  /  12  «  7 

ANNUAL  SUPERVISION  «AN»«ONTHS  /  12  a  NO.  OF  SUPERVISORS 
9. 75  /  12  ■  1 

ANNUAL  ADNINISTRATIVE  “ANnONTHS  /  12  *  NO.  OF  AONINISTPTRS 
9.75  /  12  «  1 

NO.  OF  DIRECT  SUPPORT  PEOPLE  7 

NO.  OF  SUPERVISOPS  1 

NO.  OF  ADMINISTRATORS  l 

«0.  OF  PEOPLE  9 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REO.  TECHNICAL  SPACS/PERSON  *  REQ.  WORKING  SPACE 
7  X  275.  x  1925.00 

(SUPFRVSRS  *  ADNNSTRTRS)  X  REO.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPACE 
Cl  *  1  )  X  130.  *  260.00 

BEQOIPEO  WORKING  SPACE  ♦  ADDITIONAL  SPAC*  *  TOTAL  SPACE 
1925.00  *  260.00  x  2195.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
2185.00  X  136.00  x  297160. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  x  ANNUAL  FACILITY  COST 
2971 ©0  #  /  10  x  29715. 


UTILITIES 


TOTAL  SPACE  X  COST/SQuARE  FOOT 
2185.00  X  1.20 


UTILITY  COST 
2622. 
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(£*)  integrated  SYSTEM 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1961S) 

HISTORICAL  SISTER 
TEAR  lRBl 


FUFAlSHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PEKSON  *  INITIAL  FURNISHINGS  COST 
9  X  680.  *  6120. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  STSTEN  LIFE  *  ANNUAL  FURNISHINGS  COST 
6120.  /  10  «  612. 


MATERIALS  AND  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  a  MATERIALS  &  SUPPLIES  COST 
9  X  700.  *  6300. 


COmPUTFRS/TERHINALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  a  INITIAL  COMP  TERM  COST 
7  X  20000.  »  I4C000. 

initial  co«p  term  cost  /  expected  system  life  *  anmual  comp  term  cost 

140000.  r  10  «  14000. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  Cl«8lS)  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  COS 
4261000.  X  0.10  a  426100. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST  29716. 

UTTLITT  COST  2622. 

FURNISHINGS  COST  612. 

MATERIALS  &  SUPPLIES  COST  6300. 

C0MPUTERS/TERMTN4LS  COST  14000. 

*  HARDWARE  MAINTENANCE  COST  426100. 


GENERAL  SUPPORT  EQUIPMENT  COST  479350. 
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COFP)  NAVIGATION  fire  control  WEAPON  DELIVERY 

BREAK  DOWN  OF  annual  COSTS  C19«1S) 
HISTORICAL  SYST Em 
YEAP  1931 


TOTAL  ANNUAL  COST  574237. 


TOTAL  LABOR 

DIRECT  LABOR 

275632 

REQUIREMENTS  REVIEW 

45846. 

DESIGN 

37078. 

development 

38552. 

INTEGRATION 

17959. 

TEST  AND  EVALUATION 

485*1. 

documentation 

34759. 

REPRODUCTION/ INSTALL 

3002. 

SUPPORT  SOFTWARE 

49894. 

INDIRECT  LABOR 

4b248 

SUPERVISION 

31845. 

administration 

14403. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

163139 

HARDWARE 

33000. 

SUPPORT  SOFTWARE 

J.0000^ 

TEST  AIRCRAFT  TINE 

119232. 

REPRODUCTION 

907. 

general 

89218 

FACILITY 

11118. 

UTILITIES 

1962. 

FURNISHINGS 

238. 

MATERIALS  &  SUPPLIES 

4900. 

computers /terminals 

5000. 

hardware  MAINTENANCE 

66000. 

321880. 


252357. 
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COFP)  NAVIGATION  FIRE  CONTROL  WEAPON  DELIVERY 

DERIVATION  OF  DIRECT  LABOR  COSTS  BY  GRADE 
HISTORICAL  SYSTEM 
YEAR  1981 


number  OF 

COST  PER 

COST  PER 

DIRECT  LA3G' 

PHASE 

GRADE 

.manmqnths 

MANMONTH 

GRADE 

COST 

1.  requirements  REVEIk 

45846 . 

GS-12 

3.00 

3576. 

10728. 

GS-13 

3.00 

4390. 

13170. 

0-4 

3  .  OU 

4516. 

13548. 

CNTR 

1*20 

7000. 

8400. 

2.  DESIGN 

GS-12 

3.60 

35T6. 

12874. 

37078. 

GS-13 

3.60 

4390. 

15804. 

CNTR 

1.20 

7000. 

8400. 

3.  DEVELOPMENT 

GS-12 

2*40 

3576. 

8582. 

38552. 

GS-13 

3.03 

4390. 

13170. 

CNTR 

2.40 

7000. 

16800. 

A.  INTEGRATION 

GS-12 

1.20 

3576. 

4291. 

17959. 

G5-13 

1.20 

4390. 

5268. 

CNTR 

1.20 

7000. 

8400. 

5.  TE5T  AND  EVALUATI 

GS-9 

3.00 

2502. 

7506. 

48541. 

GS-12 

3.00 

3576. 

10728. 

GS-13 

3.00 

4390. 

13170. 

0-t 

1.80 

1994. 

3589. 

0-4 

3.00 

4516. 

13548. 

- 

A.  DOCUMENTATION 

GS-12 

1  .20 

3576. 

4291. 

34759. 

GS-13 

1.20 

*390. 

526«>. 

CNTR 

3.60 

7000. 

25200. 

7.  REPRO/INSTALLATION 

G5-9 

1.20 

2502. 

3002. 

3002. 

8.  SUPPOPT  SOFTWARE 

G5-9 

2.40 

2502. 

6005. 

49894. 

GS-12 

10.80 

3576. 

38621. 

GS-1? 

1.20 

4390. 

5268. 

TOTAL 

65.40 

4142. 

275632. 

275632. 

MOTE 


ACTUAL  BLOCK  CHAMGE  LENGTH  IS  20  MONTHS 
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COFP)  NAVIGATION  FIP£  CONTROL  WEAPON  DELIVER  I 

DERIVATION  OF  ANNUAL  INDIRECT  LAtfOP  COSTS  C1981SJ 
HISTORICAL  SYSTEN 
YEAR  1981 


SUOEPVISION 


DIRECT  ANNUALIZED  ON-SITE  “ANnONTHS  X  SUPERVI5N  RATIO  *  SU PERVISN  MANMONTH. 

55.80  X  0.13  *  7.25 

SUPERVISION  naNnONTHS  X  COST/NANNQNTH  *  SUPERVISION  COST 
7.25  X  4350.  a  31845. 


ADMINISTRATIVE 


DIRECT  ANNUALIZED  ON-STTE  NANNONTH 5  X 
55.80  X 


AONNSTIVE  RATIO  *  ADAfNSTIVE  NANNONTHS 
0.13  *  7.25 


ALMNSTIVE  *ANnOnTHS  X  C03T/NANN0NTH  X 
7.25  X  1847.  .X 


AD»  CONP-FACT  *  ADMNSTIVE  COST 
1.075  *  14403. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  4-  ADMINISTRATIVE  *  INDIRECT  LABOR  COSTS 
31*45.  4  14403.  a  *6249. 
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F336 15-80-C* 1 157 


UNCLASSIFIED 


F/G  14/1 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 
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COFP)  navigation  ftre  cqntpql  weapon  delivery 

DERIVATION  OF  ANNUAL  DIRECT  SURPuPT  EQUIPMENT  COSTS  (1981S) 

HISTORICAL  SYSTEM 
YEAR  1981 


EQUIPMENT 


HARDWARE  SUPPORT  SOFTWARE 


INITIAL  COST  U9«1S) 
COST  (198 IS) 

EXPECTED  SYSTEM  LIFE 

ANNUAL  EQUIPMENT  COST 


660000. 

660000. 

20 


33000. 


200000. 

200000. 

20 

10000. 


TOTAL 

860000, 

860000. 

20 

43000. 


TEST  AIRCRAFT/TINE 


ANNUAL  TLE  MANMONTHS  X  144  «  ANNUAL  T&E  MANHOURS 
10.23  X  144  *  1987.20 

ANNUAL  TfcE  MANHOURS  X  T6E  RATIO  •  TEST  AIRCRAFT  HOURS 
1987.20  X  0.030  *  59.62 


TEST  AIRCRAFT  HOURS  X  COST/HOUR 
59.62  X  2000. 


REBROOUCTION 


ANNUAL  AIRCRAFT/TIME  COST 
119232. 


HUMBER  OF  FIELDED  SYSTEMS  X  MED  PEP-EACT  X  C05T/REPR0  «  REPRODUCTION  COS' 

360  X  0.120  X  35.00  *  1512. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  •  ANNUAL  REPRODUCTION  COST 


1512. 


X  12  / 


20 


907. 


DIRECT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST 
OI»ECT  SOFTWARE  COST 
AIRCRAFT/TIME  COST 
reproduction  cost 

DIRECT  SUPPORT  EQUIPMENT  COST 


33000. 

10000. 

119232. 

907. 

163139. 
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(0 FP)  NAVIGATION  FlPfc  CONTROL  WEAPON  DELIVER! 

dehivatton  OF  ANNUAL  general  SUPPORT  EQUIPMENT  COSTS  C 1981s) 

HISTORICAL  STSTE* 

TEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  -ANmOnTHS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 
55.90  /  12  *  5 

ANNUAL  SUPERVISION  MANNONTHS  /  12  *  NO.  OF  SUPERVISORS 
7.25  /  12  *  1 

ANNUAL  ADMINISTRATIVE  NANMONTHS  /  12  *  NO.  OF  ADnINISTRTRS 
7.25  /  12  *  1 


NO.  OF  DIRECT  SUPPORT  PEOPLE  5 

MC.  OF  SUPERVISORS  1 

♦  NO.  OF  ADMINISTRATORS  1 


«C.  OF  PEOPLE 


FACILITY 

niPECT  SUPPORT  PEOPLE  X  REC.  TECHNICAL  SPACE/PERSON  *  REQ.  WORKING  SPACE 
5  X  275.  *  1375.00 


(SUPERVS9S  +  AOMNSTRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPAj 
II  f  l  )  X  130.  »  260.00  , 

REQUIRED  WORKING  SPACE  ♦  ADDITIONAL  SPACE  *  TOTAL  SPACE 
1375.00  *  260.00  *  1635.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  «  FACILITY  COST 
1635.00  X  136.00  »  222360. 

1 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FACILITY  COST  j 

222360 .  /  20  «  11118. 


UTILITIES 


TCTAL  SP»CE  X  COST/SQUARE  FOOT  a  UTILITY  COST 
1635.00  X  1.20  a  1962. 
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(OF?)  NAVIGATION  FIFE  CONTROL  «EAPON  DELIVERY 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (1981s) 

HISTORICAL  SYSTEM 
YEAR  1981 


furnishings 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  a  INITIAL  FURNISHINGS  COST 
7  X  680.  *  4760. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FURNISHINGS  COST 
4760.  /  20  a  238. 


MATERIALS  AND  SUPPLIES 


TOTAL  PEPSONS  X  COST/PERSON  a  MATERIALS  &  SUPPLIES  COST 
7  X  700.  a  4900. 


CQapUTERS/TERMINALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  a  INITIAL  COMP  TERM  COST 


5 

X 

20000.  » 

100000. 

INITIAL  COMP  TER" 

moooo. 

COST  /  EXPECTED 
/ 

SYSTEM  LIFE  a  ANNUAL 
20  * 

COMP  TERM  COST 
5000. 

HAPOmaPE  MAINTENANCE 


HARDWARE  COST  (1981$)  X  MAINTENANCE  ratio  a  ANNUAL  HARDWARE  MAINTENANCE  cos 
660000.  X  0.10  a  66000. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 

11118 

UTILITY  COST 

1962 

FURNISHINGS  COST 

238 

MATERIALS  6  SUPPLIES 

COST 

4900 

ccmputers/terminals 

COST 

5000 

HAROWAPE  MAINTENANCE 

COST 

66000 

GENERAL  SUPPORT  EQUIPMENT  COST 


99218 
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CCE)  COMMAND  AMD  CONTROL 

SPEAK  OOwN  OF  ANNUAL  COSTS  C1961S) 
rtlSTOPICAL  SYSTEM 
YEAR  19»1 


TOTAL  ANNUAL  COST 


2190000. 


TOTAL  LAfcOR 

PIPECT  LABOR 

REQUIREMENTS  REVIEw 

DESIGN 

DEVELOPMENT 

integration 

TEST  AND  EVALUATION 

documentation 
REP*CDUCT TON /INST ALL 
SUPPO»T  SOFTWARE 
INDIRECT  LABOR 

SUPERVISION 

ADMINISTRATION 

TOTAL  SUPPORT  EQUIPMENT 
DIRECT 

hardware 

SUPPORT  SOFTWARE 
TEST  AIRCRAFT  TIME 
REPRODUCTION 
GENERAL 

FACILITT 
UTILITIES 
FURNISHINGS 
MATERIALS  &  SUPPLIES 

copputers/terminals 

HARDWARE  MAINTENANCE 


678244 

529129. 

25431. 

60321. 

184597. 

26489. 

34349. 

19633. 

10255. 

147861. 

150116. 

105661. 

44455. 

1511756 

1012504. 

275000. 

357867. 

362890. 

16757. 

499252. 

44608. 

5904. 

907. 

14o00. 

21333. 

412500. 
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CCE)  COMMAND  AMD  CONTROL 


DERIVATION  OF  DIRECT  LABOR  COSTS  ©Y  GRADE 
HISTORICAL  SYSTEM 
YEAR  1961 


PHASE 

■WM 

1.  RECiUlREMENTS  REVEtrf 

2.  DESIGN 

3.  DEVELOPMENT 

4.  INTEGRATION 

5.  TEST  ANO  EVALUATION 

6.  DOCUMENTATION 

7.  repro/installation 
9 .  SUPPORT  SOFTWARE 

TOTAL 


GRADE 

number  of 

mAnmONTHS 

COST  PEP 
manmonth 

GS-12 

3.43 

3576. 

0-3 

1.71 

3168. 

0-4 

1.71 

4516. 

GS-1’ 

12.00 

357b. 

0-1 

5.14 

1944. 

0-3 

8.57 

3168. 

GS-lt 

3.43 

2969. 

GS-12 

20.57 

3576. 

0-1 

25.71 

19«»4. 

0-2 

6.8b 

2477. 

0-3 

10.29 

3168. 

0-t 

5.14 

1994. 

0-2 

3.43  . 

2477. 

0-4 

1.71 

4516. 

GS-11 

1.71 

2969. 

GS-12 

1.71 

3576. 

0-1 

3.43 

1994. 

0-3 

5.14 

3168. 

GS-9 

3.43 

2502. 

0-1 

S.14 

1994. 

0-1 

5.14 

1944. 

GS-12 

25.71 

3576. 

0-1 

17.14 

1994. 

0-3 

6.8b 

3168. 

165.14 

3005. 

COST  PER 

DIRECT  LABOR 

GRADE 

COST 

25433. 

12261. 

5431. 

7742. 

80321. < 

42912. 

10255. 

27154. 

I 

i 

184587.] 

10179. 

73563. 

51274. 

1 o985  • 
32585. 

1 

j 

i 

j 

26489.] 

10255. 

1 

8493. 

7742. 

I 

34349.1 

5090. 

6130. 

6837. 

m 

16293. 

<•; 

13833* 

8578. 

10255. 

10255. 

10255. 

147961. 

91954. 

34143. 

21723. 

- 

528129. 

528129, 

NOTE J  ACTUAL  BLOCK  CHANGE  LENGTH  IS  7  MONTHS 


188 


Page  46  of  49 


appendix  h 

E  -  3A 


CCE)  CQMnAMD  AND  CONTROL 

DERIVATION  Of  ANNUAL  INDIRECT  LABOR  COSTS  (1901$) 
HISTORICAL  SYSTEM 
YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  MANmOnThS  X  SUPERVISN  RATIO  *  SUPERVISN  MANMONTH^ 

188.14  X  0.13  «  24.07 

SUPERVISION  kaNmOnTHS  X  COST/MANMONTH  *  SUPERVISION  COST 
24.07  X  4390.  »  105661. 

ADMINISTRATIVE 

DIRECT  ANNUALIZED  ON-STTE  NANmONTKS  X  AD*NSTIVE  PATIO  *  AD«*NSTTVE  MANMONTHSj 

185.14  X  0.13  *  24.07 

ACMNSTIVE  maNnONTHS  X  COST/MAN«*ONTH  X  AD**  COMP— f ACT  *  ADMNSTIVC  COST 
24.07  X  1047.  .  X  1.000  m  44455. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE  *  INDIRECT  LABOR  COSTS 
105661.  *  44455.  «  150116. 


APPENDIX  H 


Page  47  of  49 


E  -  3A 


CCE)  COMMAND  AND  CONTROu 

DERIVATION  OF  ANNUAL  DIRECT  5UPPGRT  EQUIPMENT  COSTS  (1981$) 

HISTORICAL  SYSTEM 
YEA*  1981 


EQUIPMENT 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  (1981$) 

4125000. 

5368000. 

9493000 

COST  (1981$) 

4125000. 

5368000. 

9493000 

EXPECTED  SISTER  LIFE 

15 

15 

15 

ANNUAL  EQUIPMENT  COST 

275000. 

357867. 

632867 

TEST  AIRCRAFT/TIME 


ANNUAL  TfcE  MANMONTHS  X  144  a  ANNUAL  TtE  MANHOURS 
2.J6  X  144  a  1728.00 


ANNUAL  T&£  MANHOURS 
1778.00 


X  T&C  PATIO 
X  0.03S 


a  TEST  AIRCRAFT  HOURS 
a  60.48 


TEST  AIRCRAFT  HOURS 
60.48 


X  COST/HOUR  a  ANNUAL  AIRCRAFT/TIME  COST 
X  6000.  a  362880. 


REPRODUCTION 

NUM&ER  OF  FIELDED  SYSTEMS  X  MED  REP-FACT  X  COST/REPRO  a  REPRODUCTION  COST 
23  X  25.000  X  17.00  a  9775. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANCE  LENGTH  a  ANNUAL  REPRODUCTION  COST 
9775.  X  12  /  7  a  16757. 


DTRFCT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST 
DIRECT  SOFTWARE  COST 
AIRCRAFT/TIME  COST 
♦  REPRODUCTION  COST 


275000. 

357867. 

3«2880. 

16757. 


DIRECT  SUPPORT  EQUIPMENT  COST  1012504. 
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ICE)  C U*hA«D  AND  CONTROL 

DERIVATION  OF  ANNUAL  CEf'ERAL  SUPPORT  EQUIPMENT  COSTS  (1981S) 

HISTORICAL  SYSTEN 
YEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-STTS  MAMmONThS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 


185.14 

/  12  * 

16 

ANNUAL 

SUPERVISION  MAN«ONTHS  / 

12 

s  NO.  OF 

SUPERVISORS 

24.07 

/ 

12 

s 

2 

annual 

ADMINISTRATIVE 

hanmonths 

/ 

12  *  NO. 

OF  ADNINISTRTRS 

24.07 

/ 

12  = 

2 

NO. 

OF 

DIRECT  SUPPORT  PEOPLE 

16 

NO. 

OF 

SUPERVISORS 

2 

NO. 

OF 

ADMINISTRATORS 

2 

NO. 

OF 

PFOPLE 

20 

FACILITi 


DIRECT  SUPPORT  PEOPLE  X  R£Q.  TECHNICAL  SPACE/PERSON  *  R£Q.  FORKING  SPACE 
16  X  275.  *  4400.00 

fSUPERVSRS  +  ADNNSTRTRS )  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPACE 
(  2  ♦  2  IX  130.  »  520.00 

B ECU! RED  nORFING  SPACE  ♦  ADDITIONAL  SPACE  *  TOTAL  SPACE 
4400.00  ♦  520.00  *  4920.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
4920.00  X  136.00  *  o69129. 

FACILITY  COST  /  EXPECTED  SISTER  LIFE  «  ANNUAL  FACILITY  COST 
669120.  /  15  *  44608. 


UTILITIES 


TOTAL  SPACE  X  COST/SQUARE  FOOT  *  UTILITY  COST 
4920.00  X  1.20  *  5904. 


191 


appendix  h 


Page  49  of  49 


•  (■ 

« 


£  -  3A 


(CE1  COMMA  NO  *NP  CONTROL 


DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C 1  96 1  5  ) 

HISTORICAL  SYSTEM 
YEAR  1981 


FURNISHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSUN  *  INITIAL  FURNISHINGS  COST 
20  X  6 80.  a  13600. 

INITIAL  FUNRNISHIN6S  COST  /  EXPECTED  SYSTE*  LIFE  =  ANNUAL  FURNISHINGS  COST 
13600.  /  15  *  507. 


MATERIALS  ANO  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  a  MATERIALS  6  SUPPLIES  COST 
20  X  700.  a  14000. 


COMPUTERS/TEPMINALS 


NG.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PFRSON  a  INITIAL  COMP  TERM  COST 
16  X  20000.  x  320000. 

INITIAL  COMP  TERM  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TERM  COST 
320000.  /  15  a  21333. 


HAPD*AP£  MAINTENANCE 


HAPDMAPE  COST  r 1991 3 )  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  COS 
4125000.  X  0.10  a  412500. 


GENERAL  SUPPORT  EQUIPMENT  COST 


facility  cost 

UTILITY  COST 
FUPNISHINGS  COST 
MATERIALS  6  SUPPLIES  COST 
CGMPUTERS/TEPMlNALS  COST 
♦  MAROWARE  MAINTENANCE  COST 

GENE® A L  SUPPORT  EQUIPMENT  COST 


4460R, 

5904, 

907, 

14000, 

21333. 

412500, 

4*9252 . 


1  X  ' 

j 
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COMPUTATION  OF  COSTS  OTHER  THAN 
DIRECT  LABOR 

1.  COMPUTATION  OF  ANNUAL  INDIRECT  LABOR  COSTS 


SUPERVISION 

ANNUAL  DIRECT  ON-SITE  MANMONTHS  X  SUPERVISION  RATIO  *  SUPERVISION  MANMONTHS 
SUPERVISION  MANMONTHS  X  COST/MANMONTH  »  ANNUAL  SUPERVISION  COST 

ADMINISTRATION 

ANNUAL  DIRECT  ON-SITE  MANMONTHS  X  ADMINISTRATIVE  RATIO  «  ADMIN  MANMONTHS 
ADMIN  MANMONTHS  X  COST/MANMONTH  X  COW>LEXITY  FACTOR  *  ADMIN  COST 

TOTAL  INDIRECT  (FIRST  LEVEL)  LABOR  COSTS 

SUPERVISION  +  ADMINISTRATIVE  -  ANNUAL  INDIRECT  LABOR  COST 

2.  COMPUTATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS 

TEST  AIRCRAFT /TIME 

ANNUAL  TAE  MANMONTHS  X  144  -  ANNUAL  TAE  MANHOURS 

ANNUAL  TAE  MANHOURS  X  TAE  RATIO  »  TEST  AIRCRAFT  HOURS 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  «  ANNUAL  TEST  AIRCRAFT/TIME  COST 

REPRODUCTION 

NUMBER  OF  FIELDED  SYSTEMS  X  MEDIUM  FACTOR  X  COST/REPRODUCTION  «  REPRO  COST 
REPRODUCTION  COST  X  12  +  LENGTH  OF  BLOCK  CHANGE  «  ANNUAL  REPRODUCTION  COST 
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3.  COffWTION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS 
PEOPLE  REQUIRED 

REQUIRED  ON-SITE  MANMONTHS  12.6  «  NO.  OF  DIRECT  SUPPORT  PEOPLE 

SUPERVISION  MANMONTHS  +  12.6  -  NO.  OF  SUPERVISORS 

ADMINISTRATIVE  MANMONTHS  -i-  12.6  «  NO.  OF  ADMINISTRATORS 

NO.  DIRECT  SUPPORT  PEOPLE  +  SUPERVISORS  +  ADMINISTRATORS  -  NO.  OF  PEOPLE 

FACILITY 

NO.  DIRECT  SUPPORT  PEOPLE  X  REQ  TECHNICAL  SPACE/PERSON  -  REQ  WORKING  SPACE 

(NO.  OF  SUPERVISORS  +  ADMINISTRATORS)  X  REQ  SUP  SPACE/PERSON  -  AOD'L  SPACE 

REQUIRED  WORKING  SPACE  +  ADDITIONAL  SPACE  *  TOTAL  SPACE 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 

FACILITY  COST  -  EXPECTED  SYSTEM  LIFE  »  ANNUAL  FACILITY  COST 

UTILITIES 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  ANNUAL  UTILITY  COST 
FURNISHINGS 

NUMBER  OF  PEOPLE  X  INITIAL  COST/PERSON  -  INITIAL  FURNISHINGS  COST 
INITIAL  FURNISHINGS  COST  -  EXPECTED  SYSTEM  LIFE  «  ANNUAL  FURNISHINGS  COST 

MATERIALS/SUPPIES 

NUMBER  OF  PEOPLE  X  COST/PERSON  -  ANNUAL  MATERIALS/SUPPLIES  COST 
COMPUTER/TERMINALS 

NO  DIRECT  SUPPORT  PEOPLE  X  INIT  COST/PERSON  -  INIT  COMP UTER/TERMI NALS  COST 
INITIAL  COMPUTER/TERMINALS  COST  -  EXPECTED  SYSTEM  LIFE  ■  ANNUAL  C/T  COST 

HARDWARE  MAINTENANCE 

HARDWARE  COST  X  MAINTENANCE  RATIO  »  ANNUAL  HARDWARE  MAINTENANCE  COST 
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APPENDIX  J 


(OFP)  Navigational  Weapon  Delivery 
Representative  System 
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carpi  navigation  weapon  delivery 

BREA*  DOWN  OF  ANNUAL  COSTS  (198 IS) 
REPRESENTATIVE  SYSTEM 
YEAR  19R1 


TO^AL  ANNUAL  COST 


1018461. 


TOTAL  LABOR 

DIRECT  LABOR 

284470 

REQUIREMENTS  REVIEW 

20015. 

DESIGN 

26460. 

DEVELOPMENT 

26679. 

INTEGRATION 

43636. 

TEST  ANO  EVALUATION 

S3455 . 

DOCUMENTATION 

30382. 

reppoduction/install 

25144. 

SUPPORT  SOFTWARE 

58500. 

INDIRECT  LABOR 

69369 

SUPERVISION 

48826. 

administration 

20543. 

total  support  equipment 

DIRECT 

355902 

HARDWARE 

136850. 

SUPPORT  SOFTWARE 

63150. 

TEST  AIRCRAFT  TINE 

1 3*902. 

REPRODUCTION 

17000. 

GENERAL 

308720 

FACILITY 

16728. 

UTILITIES 

2952. 

FURNISHINGS 

340. 

MATERIALS  fc  SUPPLIES 

7000. 

COMPUTERS/TER« INALS 

ROOo. 

hardware  maintenance 

273700. 

353839. 


064622. 


i 
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(O^P)  NAVIGATION  aPAPOH  DELIVERY 

DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  (1901$) 
REPRESENTATIVE  SYSTEM 
YEAR  1901 


PHASE 

REQUIRED 

NANMONTHS 

COST  PER 

«anmonth 

DIRECT  LABOR 
COST 

1. 

REQUIREMENTS  REVEIM 

6  *02 

3325. 

20015. 

2. 

DESIGN 

7.96 

3325. 

26460. 

3. 

DEVELOPMENT 

8.02 

3325. 

26679. 

4. 

INTEGRATION 

13.10 

3325. 

43036. 

S. 

TEST  AND  EVALUATION 

16.08 

3325. 

53455. 

6  « 

DOCUMENTATION 

9.14 

3325. 

30382. 

7. 

PEPRO/ INSTALLATION 

7*56 

3325. 

25144. 

0. 

SUPPORT  SOFTWARE 

17. '59 

3325. 

58500. 

TOTAL 

85.55 

3325. 

284470. 
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( OFP )  NAVIGATION  WEAPON  DELIVERY 


DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  (19*15) 
representative  system 
YEAR  1901 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  *ANmO«THS  X  SUPERVISW  RATIO  *  SUPEPVTSN  maNMOnTI 
05.55  X  0.13  a  11.12  j 

J 

SUPERVISION  NANnONTHS  X  COST/MANNONTH  s  SUPERVISION  COST 

11.12  X  4390.  s  48025.  j 


administrative 


DIRECT  ANNUALIZED  ON-SITE  MaNmONTHS  X  ADNNSTIVE  RATIO  *  ADNNSTIVE  maNnOnTi 
85.55  X  0.13  «  11.12 

AD**nSTTVE  “ANNONTHS  X  COST/NANNONTH  X  AO*»  CONP-FACT  *  ADNNSTIVE  COST 
11.12  X  1847.  X  1.000  «  20543. 


total  indirect  labor 


SUPERVISION  ♦  ADMINISTRATIVE  a  INDIRECT  LABOR  COSTS 
48825.  +  20543.  s  69369. 


{ 
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(OFP)  NAVIGATION  WEAPON  DELIVERY 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  C 1 98 1 S ) 

REPRESENTATIVE  SYSTEN 


YEAR  1981 

EQUIPMENT 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  (1981$) 
COST  ( 1981$ 1 

EXPECTED  SYSTEM  LIFE 

2737000. 

2737000. 

20 

1263000. 

1263000. 

20 

4000000 

4000000 

20 

ANNUAL  EQUIPMENT  COST 

136850. 

63150. 

200000 

TEST  AIRCRAFT/TIM£ 


AnNUAL  TSE  HANNQNTHS  X  144  a  ANNUAL  TtE  MANHOURS 
tb.08  X  144  *  2315.03 

ANNUAL  TSE  MANHOURS  X  T4E  RATIO  *  TEST  AIRCRAFT  HOURS 
2315.03  X  0.030  *  69.45 

TEST  AIRCRAFT  «OURS  X  COST/HOUR  *  AnNUAL  AIRCRAFT/TIME  COST 
69.45  X  2000.  «  138902. 


REPRODUCTION 


NU*5ER  OF  FIELDED  SYSTEMS  X  "ED  REP-FACT  X  C05T/REPR0  *  REPRODUCTION  COS1 

500  X  2.000  X  1 7.00  *  17000. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  *  ANNUAL  REPRODUCTION  COST 
17000.  X  12  /  12  *  17000. 


DI»ECT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST 
DIPECT  SOFTWARE  COST 
aircraft/time  COST 
reproduction  COST 


DIRECT  SUPPORT  EQUIPMENT  COST 


136850. 

63150. 
1 38902 . 
17000. 

355902. 
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(OFP)  NAVIGATION  WEAPON  DELIVERY 
DERIVATION  or  ANmUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (19814) 

representative  system 
YEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  NANNONTHS  /  12  a  NO.  OF  DIRECT  SUPPORT  PEOPLE 
85.55  /  12  «  8 


ANNUAL  SUPERVISION  MANNONTHS  /  12  *  NO. 

11.12  /  12  * 


OF  SUPERVISORS 
1 


ANNUAL  ADMINISTRATIVE  MANPONTHS  / 

11.12  / 


12  a  NO. 
12  * 


OF  AONINISTRTRS 
1 


NO.  OF  OIRECT  SUPPORT  PEOPLE  8 

NO.  OE  SUPERVISORS  t 

♦  NO.  OF  ADMINISTRATORS  1 


NO.  OF  PEOPLE 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REQ.  TECHNICAL  SPACE/PERSON  a  REQ.  WORKING  SPACE 
8  X  275.  *  2200.00 

(SUPERVSPS  ♦  ADMNSTRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SP#C? 
(  1  +  1  )  X  130.  »  260.00 

PEOUIRED  WORKING  SPACE  ♦  ADDITIONAL  SPICE  «  TOTAL  SPACE 
2200.00  *  260.00  *  2460.00 

TCTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
246C.00  X  136.00  a  334560. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  FACILITY  COST 
334560.  /  20  a  15728. 


UTILITIES 


TOTAL  SPACE  X  C05T/30UARE  FOOT  a  UTILITY  COST 
2460.00  X  1.20  a  2952. 


202  ! 
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(OFP)  NAVIGATION  WEAPON  DELIVERY 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  Cl«81a) 

REPRESENTATIVE  SYSTEM 
YEAR  1RS1 


FURNISHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
10  X  680.  »  6600. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  FlJPNlSHINGS  COST 
6800.  /  20  a  340. 

MATERIALS  AND  supplies 


TGTAL  PERSONS  X  COST/PERSON  a  MATERIALS  &  SUPPLIES  COST 
10  X  700.  a  7000. 


COMPUTERS /TERMINALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  a  INITIAL  COMP  TERM  COST 
•  X  20000.  a  160000. 

INITIAL  COMP  TERM  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TERM  COST 
160000.  /  20  a  6000. 


HARDWARE  MAINTENANCE 


WAROWARE  COST  C1981S)  X  MAINTENANCE  RATIO 
2737000.  X  0.10 


ANNUAL  HARDmARF  MAINTENANCE  COST 
273700. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 

16728. 

UTILITY  COST 

2952. 

HJRNISHINGS  COST 

340. 

MATERIALS  6  SUPPLIES 

COST 

7000. 

CG.MPUTEPS/TERMINALS 

COST 

3000. 

HAROWARE  MAINTENANCE 

COST 

273700. 

GENERAL  SUPPORT  EQUIPMENT  COST  308720. 
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ALQ  -  131 


Representative  System 


appendix  j 


CE*)  JAMMER 


BPEAk  OOwN  or  ANNUAL  costs 

REPRESENT ATI VE  SYSTEM 
TEAR  1991 


total  annual  cost  733302. 


TOTAL  LABOR 

DIRECT  LABOR 

REQUIREMENTS  REVIEW 

DESIGN 

DEVELOPMENT 

INTEGRATION 

TEST  ANO  EVALUATION 

documentation 

reproduction/install 

SUPPORT  SOFTWARE 
INDIRECT  LABOR 

SUPERV£SIQm 

ADMINISTRATION 

total  support  equipment 
direct 

HARDWARE 

SUPPORT  SOFTWARE 
TEST  AIRCRAFT  time 
REPRODUCTION 

general 

FACTLITT 
UTILITIES 
FURNISHINGS 
MATERIALS  6  SUPPLIES 
COmPU^ERS/TERMINALS 
HARDWARE  MAINTENANCE 


7817 

9329 

9823 

9398 

25980 

26037. 

8508. 

6062. 

17499. 

7362. 


63050. 

286950. 

112515. 

2520. 

7378. 

1302. 

170. 

3500. 

3000. 

126100. 


205 


(1981s) 


101954 


24862. 


465035. 


141450. 
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CEO  JA*MFR 

DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  (19«1S) 
REPRESENTATIVE  SYSTEM 
YEAR  1991 


PHASE 

REQUIRED 

manmonths 

COST  PER 
WANMONTH 

DIRECT  LAROR 
COST 

1 . 

REQUIREMENTS  REVEI* 

2.35 

3325. 

7817. 

2. 

DESIGN 

2.81 

3325. 

9329. 

3. 

DEVELOPMENT 

2.65 

3325. 

8823. 

4. 

INTEGRATION 

2.83 

3325. 

9398. 

5. 

TEST  AND  EVALUATION 

7.81 

3325. 

25980. 

6. 

DOCUMENTATION 

7.83 

3325. 

26037  „ 

7. 

be pro/ installation 

2.56 

3325. 

8508. 

a. 

SUPPORT  SOFTWARE 

1.82 

3325. 

6062. 

TOTAL 

30.66 

3325. 

101954. 
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CEW)  JAM"EP 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  C1981S) 
REPRESENTATIVE  sister 
YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  On-SITE  MANnONTHS  X  SUPERVISN  PATIO  *  SUPEPVISN  NANNONTHS 
3°. X  0.13  a  3.99 


SUPERVISION  -ANNONTriS  T  COST/N ANMONTH 
3.99  X  4390. 


ADMINISTRATIVE 


SUPERVISION  COST 
17499. 


DIRECT  ANNUALIZED  Oh-SITE  NANNONTHS  X  ADNNSTIVE  RATIO  *  ADNN5TIVE  *ANMONTHS 
30.66  X  0.13  *  3.99 

AD**NSTIVE  NANNONTHS  X  COST/NANMONTH-  X  AD*  COMP-FACT  *  ADNNSTTVE  COST 
3.99  X  1847.  X  1.000  *  7362. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  *  ADMINISTRATIVE  «  INDIRECT  LABOR  COSTS 
17499.  ♦  7362.  «  24862. 
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(FVi)  JAMMER 


DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  C19R1S) 

representative  SYSTEM 

YEAR  1961 


EQUIPMENT 


HARDWARE  SUPPORT  SOFTWARE  TOTAL 


INITIAL  COST  (1981S) 
COST  C1991S) 

EXPECTED  SYSTEM  LITE 


1261000. 

1261000. 

20 


5739000. 

5739000. 

20 


7000000. 

7000000. 

20 


annual  EQUIPMENT  COST 


63050. 


286950.  35000C. 


TEST  ATRCRAFT/TIME 


ANNUAL  TSE  MANMONTHS  X  144  S  ANNUAL  T&E  MANHOURS 
7.81  X  144  s  1125.15 

ANNUAL  TSE  MANHGURS  X  TSE  PATIO  *  TEST  AIRCRAFT  HOURS 
1125.15  X  0.050  *  56.26 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  *  ANNUAL  AIRCRAFT/TIME  COST 
56.26  'X  2000.  *  112515. 


REPRODUCTION 


NUMfiER  OF  TIELDED  SYSTEMS  X  MED  REP-FACT  X  COST/REPRO  *  REPRODUCTION  COST 

600  X  0.120  X  35,00  s  2520. 

REPRODUCTION  COST  X  12  /  SLOCK  CHANGE  LENGTH  *  ANNUAL  REPRODUCTION  COST 
2520.  X  12  /  12  *  2520. 


UPECT  SUPPORT  EQUIPMENT  COSTS 

DIRECT  HARDWARE  COST 

63050. 

DIRECT  SOFTWARE  COST 

286950. 

A IRCP AFT/TIHE  COST 

112515. 

*  REPRODUCTION  COST 

2520. 

OIRECT  SUPPORT  E0UTPM£NT  COST 

465035. 
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C  E w )  JAMHE® 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (1981S) 

REPRESENTATIVE  SYSTEM 
YEAR  1®81 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  “ANNOmTHS 
30.66 


/  12  »  NO. 
/  12  * 


Or  DIRECT  SUPPORT  PEOPLE 
3 


annual  supervision  na. -norths  /  12  *  no.  nr  SUPERVISORS 
3.99  /  12  »  1 

ANNUAL  ADMINISTRATIVE  NANMONTHS  /  12  *  NO.  OF  ADNINISTRTPS 
3.99  /  12  *  I 


NO.  OF  DIRECT  SUPPORT  PEOPLE  3 

NO.  OF  SUPERVISORS  1 

♦  NC.  OF  ADMINISTRATORS  1 


OF  PEOPLE 


FACILITY 


OIRECa  SUPPORT  PEOPLE  X  REQ.  TECHNICAL  SPACE/PERSOM  «-  REO.  WORKING  SPACE 
3  X  275.  *  825.00 

(SUPERVSRS  ♦  ADMNSTRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPACE 
Cl  ♦  1  )  X  130.  *  260.00 

REQUIRED  WORKING  SPACE  <•  ADDITIONAL  SPACE  *  TOTAL  SPACE 
825.00  ♦  260.00  *  1085.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
1085.00  X  136.00  *  147560. 

facility  cost  /  expected  system  life  *  annual  facility  cost 

147560.  /  20  *  7378. 


JTTLITTES 


TCTAL  SPACE  X  COST/SQUARE  FOOT  *  UTILITY  COST 
1085.00  X  1.20  *  1302, 
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(EW)  JAMMER 

DERIVATION  OF  ANNUAL  GENEPAL  SUPPORT  EQUIPMENT  COSTS  (1981$) 

REPRESENTATIVE  SYSTEM 
TEAK  1981 


FURNISHINGS 


TCTAL  PEPSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
5  X  680.  *  3400. 

INITIAL  FUNPNISHINGS  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FURNISHINGS  COST 
3400.  /  20  x  170. 


MATERIALS  ANO  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  x  MATERIALS  &  SUPPLIES  COST 
5  X  700.  =  3500. 


COMPUTERS/TERMINALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  x  INITIAL  CO“P  TERM  COST 
3  X  20000.  x  60000. 

INITIAL  COMP  TERM  COST  /  EXPECTED  SYSTEM  LIFE  x  ANNUAL  COMP  TERM  COST 
60000.  /  20  x  3000. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  (1981$)  X  MAINTENANCE  RATIO  x  ANNUAL  HARDWARE  MAINTENANCE  CQfl 
1261000.  X  0.10  *  126100.  1 


IcNEPAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 

7378. 

UTILITY  COST 

1-302  • 

FURNISHINGS  COST 

170. 

MATERIALS  6  SUPPLIES  COST 

3500. 

COMPUTFRS/TEPMINALS  COST 

3000. 

HARDWARE  MAINTENANCE  COST 

126100. 

GENEPA4  SUPPORT  EQUIPMENT  COST 

141450. 
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C OF? )  FIRE  CONTROL 

BREAK  DOWN  of  ANNUAL  COSTS  C 198 1 S ) 
REPRESENTATIVE  SI STEM 
YEAR  1981 


TOTAL  ANNUAL  COST 


1361742. 


TOTAL  LABOR 

DIRECT  LABOR 

REQUIREMENTS  REVIEW 
DESIGN 

development 

integration 

TEST  4NO  EVALUATION 
DOCUMENTATION 
REPRODUCTION /INST ALL 
SUPPORT  SOFTWARE 
INDIPECT  LABOR 

SUPERVISION 

ADMINISTRATION 

TOTAL  SUPPORT  EQUIPMENT 
DIRECT 

HAROWARE 

SUPPORT  SOFTWARE 
TEST  AIRCRAFT  TIME 
REPRODUCTION 

genepal 

FACILITY 

utilities 

FURNISHINGS 
MATERIALS  &  SUPPLIES 
COMPUTERS/TERMINALS 
HARDWARE  MAINTENANCE 


695338 

535900. 

79262. 

91270. 

89296. 

39373. 

66388. 

44637. 

3013. 

122662. 

119437. 

84068. 

35370. 

706404 

391466. 

133350. 

66650. 

157666. 

23800. 

324938. 

27846. 

4914. 

578. 

11900. 

13000. 

266700. 
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(OPP)  FIRE  CONTROL 

DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  (1941$) 
REPRESENTATIVE  SYSTEM 
YEAR  1981 


RH  ASF 

REQUIRED 

manmonths 

COST  PER 
MANMOwTri 

DIRECT  LABOR 
COST 

1. 

REQUIREMENTS  REVEIN 

21.79 

3638. 

79262. 

2. 

design 

25 .09 

3638. 

91270. 

3. 

development 

24.55 

3638. 

89296. 

4. 

integration 

10.82 

3638. 

39373. 

5. 

TEST  AND  EVALUATION 

18.25 

3638. 

66388. 

6. 

DOCUMENTATION 

12.27 

3638. 

44637. 

7. 

repro/installation 

0.83 

3638. 

3013. 

8. 

SUPPORT  SOFTWARE 

33.72 

3638. 

122662. 

TOTAL 

147.31 

3638. 

535900. 
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<OFP)  FIRE  CONTROL 

DERIVATION  OF  ANnUAL  INDIRECT  LABOR  COSTS  (1981S) 
representative  STSTE* 

I EAR  19 j 1 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  MANnONTHS  X 
147.31  X 

SUPERVISION  NaNnONTHS  X  COST/mANNONTH 
19.15  X  4390. 


SUPEPVISN  RATIO  *  SUPEPVISN  NANNONTHS 
0.13  *  19.15 

*  SUPERVISION  COST 

*  84068. 


administrative 


DIRECT  ANNUALIZED  ON-SITE  naNnONTHS  X 
147.31  X 


ADNNSTTVE  RATIO  *  ADNNSTXVE  NANNONTHS 
0.13  »  19.15 


AUNNSTIVE  NANMOwTHS  X  COST/NANNONTH  X 
19.15  X  1847.  X 


AD*  COMP-FACT  *  ADMNSTIVE  COST 
1.000  s  35370. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE  ■  INDIRECT  LABOR  COSTS 
■4068.  *  35370.  ■  119437. 
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COFP)  FINE  CONTROL 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (1981$) 

REPRESENTATIVE  SYSTEM 


YEAR  1981 

EQUIPMENT 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  (1981$) 
COST  (1981$) 

EXPECTED  SYSTEM  LIFE 

2667000. 

2667000. 

20 

1333000. 

1333000. 

20 

4000000 

4000000 

20 

annual  equipment  cost 

133350. 

66650. 

200000 

TEST  AIRCR  AFT/TI**£ 


ANNUAL  T&E  NAN«*ONTHS  X  144  *  ANNUAL  TfcE  MANHOURS 
18.25  X  1*4  *  2627. 7T 

ANNUAL  T&E  MANHOURS  X  T&E  RATIO  »  TEST  AIRCRAFT  HOURS 
2b27 .77  X  0.030  *  78.83 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  »  ANNUAL  AIRCRAFT/TIME  COST 
78.83  X  2000.  *  157666. 


BEPRODUCTION 


number  OF  FIELDED  SYSTEMS  X  MED  REP-FACT  X  COST/REPRO  *  REPRODUCTION  COST 

700  X  2.000  X  17.00  *  23800. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  «  ANNUAL  REPRODUCTION  COST 
23800.  X  12  /  12  s  23800. 


DIRECT  SUPPORT  EQUIPMENT  COSTS 


OIRECT  HARDWARE  COST  133350. 

DIRECT  SOFTWARE  COST  66650. 

aiRCRAFT/TlME  COST  157666. 

♦  REPRODUCTION  COST  23800. 


DIRECT  SUPPORT  EQUIPMENT  COST  381*66. 
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COFP)  rise  control 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1961S) 

REPRESENTATIVE  SYSTEM 
YEAR  1**1 


PEOPLE  REQUIRED 


PEOUIRED  ANNUAL  Oft-STTE  MANMONTHS 
147.31 

ANNUAL  SUPERVISION  MANMONTHS  /  12 
19.15  /  12 

ANNUAL  ADMINISTRATIVE  "ANMONTHS  / 
1R.15  / 

»0.  OF  DIRECT  SUPPORT  PEOPLE  13 

NO.  OF  SUPERVISORS  2 

♦  NO.  Of  ADMINISTRATORS  2 


NO.  OF  PEOPLE  17 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REQ.  TECHNICAL  SPACE/PERSON  *  REQ.  WORKING  SPACE 
13  X  275.  *  3575.00 

CSUPERVSRS  T  ADMNSTRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  s  ADDITIONAL  SPAC* 
(  2  ♦  2  )  X  130.  *  520.00 

REQUIRED  WORKING  SPACE  ♦  ADDITIONAL  SPACE  *  TOTAL  SPACE 
3575.00  ♦  520.00  *  4095.00 

TOTAL  SPACE  X  COST/SOUARE  FOOT  *  FACILITY  COST 
4095.00  X  136.00  *  556920. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  «  ANNUAL  FACILITY  COST 
554920,  /  20  ■  2764*. 


/  12  *  NO.  OF  DIRECT  SUPPOPT  PEOPLE 
/  12  *  13 

=  NO.  OF  SUPERVISORS 
*  2 

12  *  NO.  OF  AOMINISTRTPS 
12  s  2 


UTILITIES 


TOTAL  space  X  COST/SQUARE  FOOT  «  UTILITY  COST 
4095.00  X  1.20  *  4914. 
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(OFP1  FXP£  CONTROL 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  (1981$) 

REPRESENTATIVE  STSTE" 

TEAR  1981 


FUPMSHINGS 


TOTAL  PEPSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
17  X  680.  *  11560. 

INITIAL  FUNRNISHlNGS  COST  /  EXPECTED  STSTEH  LIFE  *  ANNUAL  FUPNISHINGS  COST 
11560.  /  20  «  578. 


MATERIALS  AND  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  *  MATERIALS  6  SUPPLIES  COST 
17  X  700  .  *  11900. 


COMPUTERS/ TERMINALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  *  INITIAL  CO«*P  TERN  COST 
13  X  20000.  *  260000. 

INITIAL  CO"P  tERM  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  COMP  TERM  COST 
260000.  /  20  «  13000. 


hardware  maintenance 


HARDWARE  COST  (1981 S)  X  MAINTENANCE  RATIO  *  ANNUAL  HARDmARE  MAINTENANCE  COS 
2667000.  X  0.10  *  266700. 


GENEPAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST  27846. 

UTILITY  COST  4914. 

FURNISHINGS  COST  578. 

MATERIALS  £  SUPPLIES  COST  11900. 

COMPUTERS/TERMTNALS  COST  13000. 

♦  HARDWARE  MAINTENANCE  COST  266700. 


GENERAL  SUPPORT  EQUIPMENT  COST  32493*. 
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BREAK 


total  annual  cost 


(EW)  RFCFIVER 

DOWN  OF  ANNUAL  COSTS  M9h1S) 
REPRESENTATIVE  SYSTEM 
YEAR  1981 


2500159. 


TOTAL  LABOR 

DIRECT  LABOR 

requirements  REVIEW 
DESIGN 

development 

INTEGRATION 

TEST  Ann  EVALUATION 

docunentation 
REPRUOUCTION/INSTALL 
SUPPORT  SOFTWARE 
INDIRECT  labor 

SUPERVISION 

ADMINISTRATION 

TOTAL  SUPPORT  EQUIPMENT 
DIRECT 

HARDWARE 

SUPPORT  SOFTWARE 
TEST  AIRCRAFT  TIME 
REPRODUCTION 
GENERAL 

FACILITY 

UTILITIES 

FURNISHINGS 

MATERIALS  &  SUPPLIES 

COMPUTERS/TERMINALS 

HARDWARE  maintenance 


108279. 


87052. 


*164. 
17480. 
196R4. 
116R1. 
7349. 
6552. 
66R1  . 
14450. 

14941. 
6286  . 


278550. 

171450. 

31829. 

1337bO0. 

7378. 

1302. 

170. 

3500. 

3000. 

557100. 


21228, 


1819*29. 


572450. 


2391880. 
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f£W)  RECEIVER 

DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  (19BIS) 
REPRESENTATIVE  SYSTEM 
YEAR  19*1 


PHASE 

REQUIRED 

MANMONThS 

COST  PER 
MANMONTH 

dtrect  labor 

COST 

1. 

requirements  NFVEI* 

1.25 

3325. 

4164. 

2. 

design 

5.26 

3325. 

17480. 

3. 

DEVELOPMENT 

S.b2 

3325. 

18684. 

4. 

INTEGRATION 

3.52 

3325. 

11691. 

5. 

TEST  AND  EVALUATION 

2.21 

3325. 

7349. 

6. 

documentation 

1.97 

3325. 

6552. 

7. 

pepkg/installation 

2.01 

3325. 

6681  . 

6. 

support  software 

4.35 

3325. 

14450. 

total 

26.1* 

3325. 

87052. 
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(Eta)  RECEIVER 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  (19«1S) 
REPRESENTATIVE  SYSTEM 
YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITF  MANMONTHS  X  SUPERVTSN  RATIO  s  SUPERVISN  MANMONTHS 
26.1»  *  0.13  *  3.40 

SUPERVISION  MANMONTHS  X  COST/* ANMONTW  s  SUPERVISION  COST 
3.40  X  4390.  *  14941. 


ADMINISTRATIVE 


DIRECT  ANNUALIZED  ON-SITE  MANMONTHS  X 
26.16  X 


ADRNSTIVE  RATIO  *  ADMNSTI VE  MANMONTHS 
0.13  s  3.40 


ADMNSTIVF  NAN'OnTHS  X  COST/MAwMONTH  X 
3.40  X  1847.  X 


ADR  COMP-FACT  *  ADMNSTIVE  COST 
1.000  *  6286. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  ♦  AOMI 
14941.  ♦ 


NISTRATIVE  s  INDIRFCT  LABOR  COSTS 
6286.  s  21228. 


J 

! 
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CEW)  RECEIVER 

DERIVATION  OF  ANNUAL  DIRECT  SUPPUPT  EQUIPMENT  COSTS  C1981S) 

representative  SYSTEM 
YEAR  1«81 


EQUIPMENT 


initial  cost  d9Ris) 

COST  (1981S) 

EXPECTED  SYSTEM  LIFE 


ANNUAL  equipment  COST 


TEST  AIRCRAFT/TIME 


HARDWARE  SUP' 1  IT  SOFTWARE  TOTAL 


5571 000 . 
5571000. 
20 


3429000. 

3429000. 

20 


9000000. 

9000000. 

20 


278550.  171450. 


450000. 


4,.N0AL  T&E  MArfMONTHS  X  1*4  a  ANNUAL  T&E  MANHOURS 
2.21  X  144  s  316.29 


ANNUAL  T&E  MANHOURS  X  T&E  PATIO  a  TEST  AIRCRAFT  HOURS 
318.29  X  0.050  *  15.91 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  a  ANNUAL  AIRCRAFT /TI“t  COST 
15.91  X  2000.  a  31829. 


REPRODUCTION 


number  OF  FIELDED  SYSTEMS  X  *ED  REP-FACT  X  COST/REPRO  a  REPRODUCTION  COST 
950  X  70.400  X  20.00  =  133761)0. 


REPRODUCTION  COST 
1337600. 


X  12  /  BLOCK  CHANGE  LENGTH 
X  12  /  12 


ANNUAL  REPRODUCTION  COST 
1337600. 


DIRECT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST  278550. 

DIRECT  SOFTWARE  COST  171450. 

Ai»CRAFT/TlME  COST  31829. 

♦  REPRODUCTION  COST  1337600. 


DIRECT  SUPPORT  EQUIPMENT  COST  1819429. 
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C  Eh )  RECEIVER 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  ( 1 R8 1 S ) 

representative  system 

YEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-STTE  MANmQnTHS  t  1 2  a  NO.  OF  DIRECT  SUPPORT  PEOPLE 


26.18 

/  12  = 

3 

annual 

SUPERVISION  MANMONTHS  /  12 

=  NO.  OF 

SUPERVISORS 

3 . 4u 

/  12 

S 

1 

annual 

ADMINISTRATIVE 

MANMONTHS  / 

12  =  NO. 

OF  administrtrs 

3.40 

/ 

12  = 

1 

no. 

OF 

DIRECT  SUPPORT 

PEOPLE  3 

NO. 

OF 

SUPERVISORS 

1 

+  MO. 

OF 

ADMINISTRATORS 

1 

NO. 

OF 

PFUPLF 

5 

r  ACUITY 

DIRECT  SUPPORT  PEOPLE  X  REO.  TFCHnLCAL  SPACE/PERSON  a  REO.  WORKING  SPACE 
3  X  275.  s  825.00 

fSUPERVSRS  ♦  ADMNSTRTRS)  X  REG.  SUPERVISORY  5PACF/PERS0N  s  ADDITIONAL  SPACE 
(  1  ♦  1  IX  130.  *  260.00 

REQUIRED  WORKING  SPACE  +  ADDITIONAL  SPACE  *  TOTAL  SPACE 
R25.00  *  26U.00  s  10R5.00 

TOTAL  SPACE  X  COST/SQUARE  FOOT  *  FACILITY  COST 
1085.00  X  136.00  s  147560. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  s  ANNUAL  FACILITY  COST 
147560.  /  20  =  7378. 


UTILITIES 


TOTAL  SP»CE  X  COST/SOUARF  FOOT  s  UTILITY  COST 
10R5.00  X  1.20  s  1302. 
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(E*l  RECEIVER 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1P8U) 

REPRESENTATIVE  SYSTE“ 

YEAR  1981 


EUPnISHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  s  INITIAL  FURNISHINGS  COST 
5  X  b80.  a  3400. 

INITIAL  FUNRNISHTNGS  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  FURNISHINGS  COST 
3400.  /  20  a  170. 


MATERIALS  AND  SUPPLIES 


TOTAL  PERSONS  X  COST/PEKSON  a  MATEPI ALS  &  SUPPLIES  COST 
5  X  700.  =  3500. 


CO-PUTPRS/TERMINALS 


**0.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PEkSON  a  INITIAL  COMP  TERM  COST 
3  X  20000.  a  60000. 

INITIAL  COMP  TERM  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TEPM  COST 
60000.  /  20  a  3000. 


HARDNARE  MAINTENANCE 


hardware  COST  (1981S1  X  MAINTENANCE  RATIO  a  ANNUAL  HARDWARE  MAINTENANCE  COS 
5571000.  X  0.10  a  55710U. 


GENtPAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST  7378. 

UTILITY  COST  1302. 

FURNISHINGS  COST  170. 

MATERIALS  &  SUPPLIES  COST  3500. 

COMPUTFRS/TERmInALS  COST  3000. 

♦  HARDWARE  MAINTENANCE  COST  557100. 


GENERAL  SUPPORT  EQUIPMENT  CUST  572450. 
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Representative  System 
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CEVO  I INTEGRATES 

i  SYSTEM 

SPEAK  DO* N  OF  ANNUAL 

COSTS  ( 1 981 S ) 

REPRESENTATIVE 

SYSTEM 

YEAR  1981 

,  ANNUAL  COST  1667721. 

TOTAL  LABOR 

OIPECT  LABOR 

198256 

REQUIREMENTS  REVIEW 

17881. 

DESIGN 

31420. 

DEVELOPMENT 

30450. 

INTEGRATION 

30250. 

TEST  AND  EVALUATION 

55126. 

documentation 

33129. 

REPRODUCTION /INSTALL 

0. 

SUPPORT  SOFTWARE 

0. 

INDIRECT  LABOR 

48345 

SUPERVISION 

34028. 

administration 

14317. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

997902 

HAROnARE 

200000. 

SUPPORT  SOFTWARE 

200000. 

TEST  AIRCRAFT  TIME 

596852. 

REPRODUCTION 

1050. 

GENERAL 

423218 

FACILITY 

line. 

UTILITIES 

1962. 

FURNISHINGS 

238. 

MATERIALS  6  5UPPLIES 

4900. 

COMPUTERS/TERMINALS 

5000. 

HARDWARE  MAINTENANCE 

400000. 

246601 


1421120 
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(E*)  INTEGRATED  SYSTEM 


DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  U981S) 


REPRESENTATIVE 
YEAR  1981 

SYSTEM 

PHASE 

REQUIRED 

manmonths 

COST  PER 

nanmonth 

DIRECT  LABOR 
COST 

1. 

requirements  reveiw 

5.38 

3325. 

17881. 

2. 

DESIGN 

9.45 

3325. 

31420. 

3. 

development 

9.16 

3325. 

30450. 

4. 

INTEGRATION 

9.10 

3325. 

30250. 

5. 

TEST  AND  EVALUATION 

16.58 

3325. 

55126. 

e. 

DOCUMENTATION 

9,96 

3325. 

33129. 

7. 

PEPRO/ INSTALLATION 

0.00 

3325. 

0. 

8. 

SUPPORT  SOFTWARE 

0.00 

3325. 

0. 

TOTAL 

59.63 

3325. 

198256. 
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CEW)  integrated  system 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  C1981S) 

representative  system 

YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  manmONTHS  X 
59.63  X 


SUPERVI5N  RATIO  *  SUPEPVISN  MaNMONTH S 
0.13  *  7.75 


SUPERVISION  MANHON^HS  X  COST/nANMONTH 
7.75  X  4390. 


*  SUPERVISION  COST 
s  34028. 


ADMINISTRATIVE 


DI»ECT  ANNUALIZED  ON-SITE  NANNONTHS  X 
59.63  X 


AONNSTIVE  PATIO  *  admnstive  naNNONTHS 
0.13  *  7.75 


At’**NSTI VE  "ANHOnTHS  X  COST/N AnNONTR  X 
7.75  X  1847.  X 


ADM  COMP-FACT  *  ADMNSTIVE  COST 
1.000  »  14317. 


TOTAL  INOIPECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE  *  INDIRECT  LABOR  COSTS 
34028.  ♦  14317.  s  48345. 
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(Ew)  INTEGRATED  SYSTE* 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (19811) 

representative  system 


YEAR  1 9b 1 

EOUIP^EAT 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  C1981S) 
COST  (1981S) 

EXPECTED  SYSTEM  LIFE 

4000000. 

40000U0. 

20 

4000000. 

4000000. 

20 

8000000, 

8000000, 

20 

ANNUAL  EQUIPMENT  COST 

200000. 

200000. 

400000, 

■*EST  AIRCRAFT/TIPE 


ANNUAL  T&E  MANMONTHS  X  144 
16.58  X  144 


ANNUAL  T&E  MANHOURS 
2387.41 


ANNUAL  T&E  MANHOURS 
2387.41 


X  T&E  RATIO 
X  0.050 


*  TEST  AIRCRAFT  HOURS 
«  119.37 


TEST  AIRCRAFT  HOURS 
119.37 


X  COST/HPVK  *  ANNUAL  AIRCRAFT/TIME  COST 
X  5000.  *  596852. 


REPRODUCTION 


NUP6ER  OF  FIELDED  SYSTEMS  X  MED  REP-FACT  X  COST/REPRO  *  REPRODUCTION  COST 

250  X  0.120  X  35.00  *  1050. 

REPRODUCTION  COST  X  12  /  BLOCX  CHANCE  LENGTH  *  ANNUAL  REPRODUCTION  COST 
1050.  X  12  /  12  *  1050. 


OIPECT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST 
0I°ECT  SOFTWARE  COST 
AIPCRAFT/TIME  COST 
♦  REPRODUCTION  COST 


200000. 

200000. 

596852. 

1050. 


DIRECT  SUPPORT  EQUIPMENT  COST 


997902 
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CEwJ  INTEGRATED  SYSTEM 

DFRIVA-ION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C19B1S) 

representative  system 

TEAR  1 9b 1 


°EOP*jt  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  ««ANnOnTHS  /  12  *  NO.  OF  DIPtCT  SUPPORT  PEOpLF 
59.63  /  12  *  5 


ANNUAL  SUPERVISION  NAN«ONTHS  /  12  a  NO.  OF  SUPERVISORS 
7.75  /  12  a  1 

ANNUAL  ADMINISTRATIVE  MANMOnTHS  /  1 2  a.  NO.  OF  ADNINISTPTRS 
7.75  /  12  a  1 


NO.  OF  DIRECT  SUPPORT  PEOPLE  5 

NQ.  OF  SUPERVISORS  1 

«■  NO.  OF  ADMINISTRATORS  1 


NO.  OF  PEOPLE 


7 


FACILITY 


DIRECT  SUPPORT  PEOPLE  X  REC.  TECHNICAL  SPACE/PERSON  a  REQ.  MORNING  SPACE 
5  X  275.  a  1375.00 

CSUPEPVSRS  ♦  ADMNSTRTRS)  X  RFQ.  SUPERVISORY  SPACF/PERSOn  *  ADDITIONAL  SPACE* 
(  1  *  1  )  X  130.  a  260.00 

OEQUIRE0  FORKING  SPACE  ♦  ADDITIONAL  SPACE  a  TOTAL  SPACE 
1375.00  ♦  260.00  a  1635.00 

TOTAL  SPACE  X  C3ST/S0UARE  FOOT  »  FACILITY  COST 
1635.00  X  136.00  a  222360. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FACILITY  COST 
222360.  /  20  a  11118. 


UTILITIES 


TGTAL  SPACE  X  TOST/SQUARE  *OOT  a  UTILITY  COST 
1635.00  X  1^20  a  1962. 
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(£»)  INTEGRATED  SYSTEM 


DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  fl9$lS) 

REPRESENTATIVE  SYSTEM 
YEAR  19R1 


rURKISHINGS 


total  persons  x  initial  cqst/person  *  initial  furnishings  cost 

7  X  680.  *  4760. 

initial  funrnishings  cost  /  expected  system  life  *  annual  furnishings  cost 

4760.  /  20  «  238. 


MATEPIALS  AND  SUPPLIES 


total  PERSONS  X  COST/PERSON  *  MATERIALS  6  SUPPLIES  COST 
7  X  700 .  *  4900 . 


COMPUTERS/TERMINALS 


NC.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  *  INITIAL  COMP  TERM  COST 
5  X  20000.  *  100000. 

INITIAL  COMP  TER"  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  COMP  TERM  COST 
100000.  /  20  *  5000. 


HARDWARE  MAINTENANCE 


HAROWAPE  COST  C1981S1  X  MAINTENANCE  RATIO 
4000000.  X  0.10 


ANNUAL  HARDMARE  MAINTENANCE  COS 
400000. 


GENERAL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 
UTILITY  COST 
FU*NJSHING5  COST 
MATERIALS  £  SUPPLIES  COST 
CC*PUTERS/TERMTNALS  COST 
HARONARE  MAINTENANCE  COST 


11118, 

1962. 

238, 

4900. 

5000, 

400000, 


GENERAL  SUPPORT  EQUIPMENT  COST 


423218, 
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(OFP)  NAVIGATION  FIRE  CONTROL  WEAPON  DELIVERY 

BREAK  DOWN  OF  ANNUAL 

COSTS  (1981$) 

REPRESENTATIVE 

SYSTEM 

YEAR  1981 

TOTAL  ANNUAL  COST  839P84. 

Tnl AL  LABOR 

DIRECT  LABOR 

179228. 

REQUIREMENTS  REVIEW 

33776. 

DESIGN 

22662. 

DEVELOPMENT 

21708. 

INTEGRATION 

10211. 

TEST  AND  EVALUATION 

37220. 

DOCUMENTATION 

18080. 

seproouction/install 

5037. 

SUPPORT  SOFTWARE 

30534. 

INDIRECT  LABOR 

39945. 

SUPERVISION 

28116. 

ADMINISTRATION  * 

11829. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

290494. 

HARDWARE 

153500. 

SUPPORT  SOFTWARE 

46500. 

TEST  AIRCRAFT  TIME 

88394. 

REPRODUCTION 

2100. 

GENERAL 

330218. 

FACILITY 

11118. 

UTILITIES 

1962. 

FURNISHINGS 

238. 

MATERIALS  6  SUPPLIES 

*900. 

COMPUTERS/TERMINALS 

5000. 

HARDWARE  MAINTENANCE 

307000. 

219172. 


620712. 
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(OFF)  NAVIGATION  FIRE  CONTROL  WEAPON  DELIVERY 


DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  C1981S) 

representative  system 

YEAR  1981 


PHASE 

REQUIRED 

MANMONTHS 

COST  PER 
MANMONTH 

DIRECT  LABOR 
COST 

1. 

requirements  rfveiw 

9.28 

3638. 

33776. 

2. 

DESIGN 

6.23 

3638. 

22662. 

3. 

DEVELOPMENT 

5.97 

3638. 

21708. 

4. 

INTEGRATION 

2.81 

3638. 

10211. 

5. 

TEST  AND  EVALUATION 

10.23 

3638. 

37220. 

6. 

DOCUMENTATION 

4.97 

3638. 

18080. 

7. 

REPRO/ INSTALLATION 

1.38 

3638. 

5037. 

8  • 

SUPPORT  SOFTWARE 

8.39 

3638. 

30534. 

TOTAL 

49.27 

3638. 

179228. 
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(QFPJ  NAVIGATION  FIRE  CONTROL  WEAPON  DELIVERY 

DERIVATION  OF  ANNUAL  INDIRECT  LABOR  COSTS  (1991S) 
REPRESENTATIVE  SYSTE* 

YEAR  1981 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  MANNONTHS  X  SUPERVISN  RATIO  *  SUPERVISN  MANMONTri* 
49.27  X  0.13  *  6.40 

SUPERVISION  “ANM0NTH5  X  COST/NANMQNTP  s  SUPERVISION  COST 
6.40  X  4390.  s  28116. 


administrative 


DIRECT  ANNUALIZED  ON-SITE  NANNONTHS  X 
49.27  X 


AD-NSTIVE  RATIO  «  AD»NSTIVE  MANNONTHS 
0.13  s  6.40 


•  CNNSTIVE  * ANMONTHS  X  COST/NANMONTM  X 
6.40  X  1847.  X 


ADR  COWP-FACT  »  ADMNSTIVE  COST 
1.000  «  11829. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  ♦  ADMINISTRATIVE  «  INDIRECT  LABOR  COSTS 
28116.  ♦  11829.  *  39945. 
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CGtrp)  NAVIGATION  fire  control  WEAPON  DELIVER! 

DERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (1981S) 

representative  SYSTEM 
YEAR  1981 


EQUIPMENT 

HARDWARE 

SUPPORT  SOFTWARE 

TOTAL 

INITIAL  COST  C1981S] 

3070000. 

930000. 

4000000 

COST  (1981S) 

3070000. 

930000. 

4000000 

EXPECTED  SYSTEM  LIFE 

20 

20 

20 

ANNUAL  EQUIPMENT  COST 

153500. 

46500. 

200000 

TEST  A I BCR A FT/TIME 


ANNUAL  T&E  MANMONTHS  X  144  *  ANNUAL  T&E  MANHOURS 
10.23  X  144  *  1473.23 


ANNUAL  T&E  MANHOURS 
1473.23 


X  T&E  RATIO  *  TEST  AIRCRAFT  HOURS 
X  0.030  *  44.20 


TEST  AIRCRAFT  HOURS  X  COST/HOUR  *  ANNUAL  AIRCRAFT/TI*E  COST 
44.20  X  2000.  *-  88394. 


REPRODUCTION 


NUMBER  OF  FIELDED  SYSTEMS  X  MED  REP-FACT  X  COST/PEPRO  *  REPRODUCTION  COST 

500  X  0.120  X  35.00  *  '  2100. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANGE  LENGTH  *  ANNUAL  REPRODUCTION  COST 
2100.  X  12  /  12  *  2100. 


OrRECT  SUPPORT  EQUIPMENT  COSTS 


DIRECT  HARDWARE  COST  153500. 

DIRECT  SOFTWARE  COST  46500. 

AIRCRAFT/TIME  COST  88394. 

♦  REPRODUCTION  COST  2100. 


DIRECT  SUPPORT  EQUIPMENT  COST  290494. 
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CCFP)  NAVIGATION  FIRE  CONTROL  *EAPON  DELIVERY 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

PSPRESENTATIVE  system 
YEAR  1981 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  ON-SITE  “aNMONTHS 

/ 

12 

*  NO.  OF  DIRECT  SUPPORT  PEOPLE 

49.27 

/ 

12 

*  S 

annual 

SUPERVISION  MANMONTHS  / 

12 

* 

NO. 

OF  SUPERVISORS 

6.40 

/ 

12 

M 

1 

annual 

ADMINISTRATIVE 

MANMONTHS 

/ 

12 

& 

NO.  OF  ADMINISTPTRS 

6.40 

/ 

12 

s 

1 

NO. 

OF 

DIRECT  SUPPORT 

PEOPLE 

5 

NO. 

OF 

SUPERVISORS 

1 

♦  NG. 

OF 

administrators 

1 

NO. 

OF 

PEOPLE 

7 

FACILITY 

DIRECT  SUPPORT  PEOPLE  X  RED.  TECHNICAL  SPACE/PERSOR  *  REQ.  WORKING  SPACE 
5  X  275.  *  1375.00 

CSUPEFVSRS  ♦  ADMNSTRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPACE 
C  1  T  1  )  X  130.  *  260.00 

REQUIRED  ■ORfING  SPACE  *  ADDITIONAL  SPACE  *  TOTAL  SPACE 
1375.00  +  260.00  *  1635.00 

TC-TAL  SPACE  X  COST/SOUARE  EOOT  *  FACILITY  COST 
1635.00  X  136.00  *  222360. 

FACILITY  COST  /  EXPECTED  SYSTEM  LIFE  *  ANNUAL  FACILITY  COST 
222360.  /  20  *  11118. 


UTILITIES 


TOTAL  SPACE  X  COST/SOUARE  FOOT  *  UTILITY  COST 
1635.00  X  1.20  x  1962. 
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(OFP)  NAVIGATION  FIRE  CONTROL  «EAPOK  DELIVER* 

DERIVATION  OF  ANNUAL  GENERAL  SUPPCPT  EQUIPMENT  COSTS  C1981S) 

representative  SYSTEM 
YEAR  1981 


PURMSHINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  s  INITIAL  FUPNISHINGS  COST 
7  X  680.  *  4760. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTE*  LIFE  *  ANNUAL  FUPNISHINGS  COST 
4760.  /  20  a  238. 


MATERIALS  AND  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  *  MATERIALS  &  SUPPLIES  COST 
7  X  700.  *  4900. 


COMPUT^kS/TEPNlNALS 


NO.  DIPECT  SUPPORT  PEOPLE  X  INITIAL  CDST/PERSON  r  INITIAL  COMP  TERM  COST 
5  X  20000.  a  100000. 

INITIAL  CC'MP  TERM  COST  /  EXPECTED  SYSTEM  LIFE  a  ANNUAL  COMP  TERM  COST 
100000.  /  20  a  5000. 


HARDWARE  MAINTENANCE 


HARDWARE  COST  C 1981S )  X  MAINTENANCE  RATIO 
3070000.  X  0.10 


GENERAL  SUPPORT  EQUIPMENT  COST 


ANNUAL  HARDWARE  MAINTENANCE  CO i 
307000. 


facility  cost 
UTILITY  COST 
FUPNISHINGS  COST 
MATERIALS  6  SUPPLIES  COST 
COMPUTERS /TERM INALS  COST 
♦  HARDWARE  MAINTENANCE  COST 


GENERAL  SUPPORT  EQUIPMENT  COST 


11118. 

1962. 

238. 

4900. 

5000. 

307000, 

330219. 
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CCEJ  COf«4ND  A«D  CONTROL 


BREAK  OOft«  OF  ANNUAL 

COSTS  ( 1 94 1 S  ) 

REPRESENTATIVE 

SYSTEM 

YEAR  1981 

TO* Al  ANNUAL  COST  912764. 

TOTAL  LABOR 

DIRECT  LABOR 

104126. 

REQUIREMENTS  REVIEW 

3945. 

DESIGN 

12554. 

DEVELOPMENT 

33043. 

INTEGRATION 

5104. 

TEST  AND  EVALUATION 

7839. 

DOCUMENTATION 

4572. 

REPRODUCTION/INSTALL 

10990. 

SUPPORT  SOFTWARE 

26079. 

INDIRECT  LABOR 

25391. 

SUPERVISION 

17872. 

ADMINISTRATION 

7515. 

TOTAL  SUPPORT  EQUIPMENT 

DIRECT 

463796. 

HARD-ARE 

152050. 

SUPPORT  SOFT-ARE 

197950. 

TEST  AIPCRAFT  TIRE 

71296. 

REPRODUCTION 

425O0. 

GENERAL 

319450. 

FACILITY 

7378. 

UTILITIES 

1302. 

FURNISHINGS 

170. 

MATERIALS  &  SUPPLIES 

3500. 

computers/terminals 

3000. 

HARDWARE  MAINTENANCE 

304100. 

129518 


78324* 
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(CE)  COMMAND  AND  CONTROL 

DERIVATION  OF  ANNUAL  DIRECT  LABOR  COSTS  C1981S) 
REPRESENTATIVE  SYSTEM 
YEAR  1981 


PHASE 

REQUIRED 

MANMONTHS 

COST  PER 
MANMONTH 

DIRECT  LABOR 
COST 

1. 

REQUIREMENTS  REVEIN 

1.19 

3325. 

3945. 

2. 

DESIGN 

3.78 

3325. 

12554. 

3. 

DEVELOPMENT 

9.94 

3325. 

33043. 

4. 

INTEGRATION 

1.54 

3325. 

5104. 

S. 

TEST  AND  EVALUATION 

2.36 

3325. 

7839. 

6. 

DOCUMENTATION 

1.37 

3325. 

4572. 

7. 

REPRO/INSTALLATXON 

3.31- 

3325. 

10990. 

8. 

SUPPORT  SOFTWARE 

7.64 

3325  . 

26079. 

TOTAL 

31.32 

3325. 

104126. 
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CCE)  COMMAND  AMD  CONTROL 

DERIVATION  OP  ANNUAL  INDIRECT  LABOR  COSTS  C1981S) 
REPRESENTATIVE  system 
YEAR  19S1 


SUPERVISION 


DIRECT  ANNUALIZED  ON-SITE  NANMONTHS  X  SUPERVISN  RATIO  *  SUPERVISN  naNMONTHS 
31.32  X  0.13  *  A. 07 

SUPERVISION  NANMONTHS  X  COST/MAnNONTH  *  SUPERVISION  COST 
A. 07  X  4390.  *  17872. 


AO“I"ISTRATIVE 


DIRECT  ANNUALIZED  On-SITE  NANMONTHS  X 
31.32  X 


ADMNSTIVE  RATIO  «  ADMNSTIVE  NANMONTHS 
0.13  *  4.07 


ADMNSTIVE  NAMMOnTHS  X  COST/NAnMONTH  X 
A. 07  X  1847.  X 


AD*  COMP-FACT  »  ADMNSTIVE  COST 
1.000  »  7519. 


TOTAL  INDIRECT  LABOR 


SUPERVISION  *  ADMINISTRATIVE  *  INDIRECT  LA NOR  COSTS 
17872.  ♦  7519.  «  25391. 
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(CE)  CO*“A»D  AMD  CONTROL 

CERIVATION  OF  ANNUAL  DIRECT  SUPPORT  EQUIPMENT  COSTS  (1981S) 

REPRESENTATIVE  stste* 

YEAR  19D1 


RQUIBMENT 


HARDWARE  SUPPORT  SOFTWARE 


TOTAL 


INITIAL  COST  (1981SJ 
COST  (1981S) 

EXPECTED  SYSTE*  LIFE 


3041000. 

3041000. 

20 


3959000. 
3959000. 
20 


7000000 

7000000 

20 


ANNUAL  EQUIPMENT  COST 


152050. 


1«7950. 


350000, 


TEST  ATRCRAFT/TINE 


ANNUAL  T6E  MANMONTHS  X  144  *  ANNUAL  T&E  MANHOURS 
2.36  X  144  *  339.50 

ANNUAL  T6E  MANHOURS  X  TSE  RATIO  »  TEST  AIRCRAFT  HOURS 
339.50  X  0.035  *  11.88 

TEST  AIRCRAFT  HOURS  X  COST/HOUR  »  ANNUAL  ATRCRAFT/TINE  COST 
11.88  X  6000.  »  71296. 


OE°ROOUCTION 


NUMBER  OF  FIELDED  SYSTEMS  X  m£D  REP-FaCT  X  COST/*EPRO  *  REPRODUCTION  COST 
100  X  25.000  X  17.00  «  42500. 

REPRODUCTION  COST  X  12  /  BLOCK  CHANCE  LENGTH  «  ANNUAL  REPRODUCTION  COST 
42500.  X  12  /  1 2  «  42500. 


DI°ECT  SUPPORT  EQUIPMENT  COSTS 


OIRECT  HARDWARE  COST 
OIRCCT  SOFTWARE  COST 
AIRCRAFT /TIME  COST 
♦  »CPROOUCTIOn  COST 


152050. 

197950. 

71296. 

42500. 


OIRECT  SUPPORT  EQUIPMENT  COST 


463796. 
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(CE)  COMMAND  AND  CONTROL 


DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  .FQUIPmENT  COSTS  (1981S) 

representative  system 
YEAR  1961 


PEOPLE  REQUIRED 


REQUIRED  ANNUAL  On-SITE  MaNnONTHS  /  12  *  NO.  OF  DIRECT  SUPPORT  PEOPLE 
il.32  /  12  *  3 

ANNUAL  SUPERVISION  MANNONTHS  /  12  *  NO.  OF  SUPERVISORS 
4.07  /  12  *  1 

ANNUAL  ADMINISTRATIVE  manmONTHS  /  12  *  NO.  OF  ADMINXSTRTRS 
4.07  /  12  *  1 

NC.  OF  DIRECT  SUPPORT  PEOPLE  3 

Nfl.  OF  SUPERVISORS  1 

♦  NO.  OF  ADMINISTRATORS  1 


NO.  OF  PEOPLE 


FACILITY 


OIRECT  SUPPORT  PEOPLE  X  R£Q »  TECHNICAL  SPACE/PERSON  «  REQ.  WORKING  SPACE 
3  X  275.  •  825.00 

CSUPERVSRS  ♦  ADMN5TRTRS)  X  REQ.  SUPERVISORY  SPACE/PERSON  *  ADDITIONAL  SPACE 
(  1  +  1  IX  130.  *  260.00 

REQUIRED  WORKING  SPACE  ♦  ADDITIONAL  SPACE  *  TOTAL  SPACE 
*25.00  ♦  260.00  m  1085.00 

TOTAL  SPACE  X  COST/SQUARC  FOOT  «  FACILITY  COST 
1085.00  X  136.00  «  147560. 

facility  chst  /  expected  system  life  »  annual  facility  cost 

1 475&0 ,  /  20  «  7378. 


UTILITIES 


TOTAL  SPACE  X  COST/SOUARE  FOOT 
1085.00  X  1.20 


UTILITY  COST 
1302. 
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(CE)  COMMAND  and  CONTROL 

DERIVATION  OF  ANNUAL  GENERAL  SUPPORT  EQUIPMENT  COSTS  C1981S) 

representative  system 

YEAH  1981 


PUPM  SWINGS 


TOTAL  PERSONS  X  INITIAL  COST/PERSON  *  INITIAL  FURNISHINGS  COST 
5  X  680.  *  3400. 

INITIAL  FUNRNISHINGS  COST  /  EXPECTED  SYSTEM  LIFE  s  ANNUAL  FURNISHINGS  COST 
3400.  /  20  as  170. 


MATERIALS  AND  SUPPLIES 


TOTAL  PERSONS  X  COST/PERSON  *  MATERIALS  &  SUPPLIES  COST 
5  X  700.  *  3500. 


CO«PUTERS/TEP«INALS 


NO.  DIRECT  SUPPORT  PEOPLE  X  INITIAL  COST/PERSON  s  INITIAL  COMP  TERM  COST 


3 

X 

20000.  b 

60000. 

TNITTAL  CO“P  TE*m 

COST  /  expected 

SYSTEM  LIFE  s  ANNUAL 

COMP  TERN  COST 

60000. 

/ 

20  * 

3000. 

HAPCNAPE  MAINTENANCE 

MAROtfARE  COST  U981S)  X  MAINTENANCE  RATIO  *  ANNUAL  HARDWARE  MAINTENANCE  COS 
3041000.  X  0.10  »  304100. 


GE»E®AL  SUPPORT  EQUIPMENT  COST 


FACILITY  COST 

7378. 

UTILITY  COST 

1302. 

furnishings  cost 

170. 

MATERIALS  &  SUPPLIES 

COST 

3500. 

CCMPUTERS/TERM INALS 

COST 

3000. 

hardware  maintenance 

COST 

304100. 

GENERAL  SUPPORT  EQUIPMENT  COST 

319450. 
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APPENDIX  K 

DERIVATION  OF  ALLOCATION  FACTORS 


Requl  remerrts  Reproductl  on/ 


System 

Review 

Design 

Development 

Integration 

T&E 

Docunentati  on 

Install  ation 

F-11IF 

9 

14 

14 

19 

24 

14 

6 

FB-111A 

9 

27 

12 

6 

24 

20 

2 

F16-FCC 

24 

20 

16 

9 

18 

12 

1 

AL 0-155 

8 

12 

13 

25 

29 

13 

0 

ALR-62 

4 

25 

28 

17 

11 

11 

4 

AL  0-131 

7 

12 

11 

11 

29 

25 

5 

APR-38 

9 

16 

IS 

16 

29 

15 

0 

E-3A 

5 

19 

49 

8 

9 

6 

4 

A-7 

20 

7 

15 

7 

27 

12 

2 

Selected 

Average 

11 

17 

21 

13 

21 

14 

3 
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